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AN ASCENT OF POPOCATEPETL. 


\ 

An expedition, consisting of Mr. W. A. ( { 
accompanied part way by Dr. T. J.J. S$ ~ 
went fora brief outing in the mountains 
cent of the great volcano on April 12 of tl HH 
mules were procured at Amecams 
from there to the sulphur-smelting works le 
Tlamacas, at the foot of the mountain, was 
trom 2 to 7 p.m. This is an ascent from 8200 OF res 
to 12,900 feet (8937 metres). but noo ( 
inconvenience from the altitude, althoue! eas ( 
after nightfall became very disagreeabl ( little was eat 
by us that night or the next morning, to avoid » indigestio1 
which high elevation is apt to bring on 

We left Tlamacas at 5 a. M., on horseb t 6:30 reaches 
Las Cruces, at an altitude of about 14.000 feet ‘nce we pro 
ceeded on foot, as is customary. The path hern 
slope of the cone, and at the time of our trip was but a short dis 
tance east of a large field of ice and snow impossible to traverse 
On the entire ascent to the crater no snow was encountered, al 


though in some places there were traces of it under the sand. 
lending to the latter its solidity, and greatly helping us. M1 
Cogshall reached the crater in 4" 10" from the time he left Las 
Cruces. I was longer, taking fully 4° 50 Frequent rests were 
necessary to regain breath and allow the pulse to quiet down 
An attempt to climb more quickly brought on a very disagreeable 
but temporary feeling of exhaustion and inability to climb 
higher. One should be very careful of this, and, on the first sen- 
sation of overdoing, rest until entirely relieved, and then go more 
slowly.* Timing one’s self with a watch, taking twenty or 
thirty steps, and then resting one minute, is the correct way to 
make a climb of such magnitude at high altitudes 

The view of the crater is strikingly sudden. When I was ap- 
proaching it without, however, seeing any signs, my guide, who 

* One week after writing the above I tried the ascent of a still higher moun 
tain, and failed to reach the top from disregarding this very caution. 
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carried the barometer and camera, and was always beside me, 
kept offering encouragement, and finally pointed to a bit of stone 
some two hundred feet ahead, and said the crater was there. So 
it proved. On reaching that spot the slope, without warning, 
rounded over, became level, and descended precipitously into a 
huge pit, and the strong smell of sulphur showed its volcanic 
character. The pit is fully two thousand feet across and probab- 
ly more than a thousand feet deep. Its sides are perpendicular, 
exhibiting the non-conforming layers of successive lava streams, 
with here and there, especially on the near side, boulders and 
cliffs of basalt. Around the edge at the bottom the heaps of the 
talus are small, suggesting recent activity, while the floor is of a 
yellowish tint, showing half a dozen bright yellow spots whence 
sulphur and vapor are ascending. In the center there is a large 
pond whose water is a brilliant green in color. 

The ridge surrounding the crater is serrated, broken into peaks 
and hollows. The approach is at the lowest point and is upon 
a ridge formed by a long curved sweep of volcanic sand. The 
highest point is nearly opposite, and some six hundred feet 
higher. 

One’s honor is vindicated on reaching the crater; but having 
with us a mercurial barometer, through the kindness of Sefior 
Zendejas, Sub-Director of the Central Meteorological Observa- 
tory of Mexico, it became necessary to push on as far as possible 
toward the highest point. A pole was visible on a small peak 
of the western wail of the crater, which some one had _ placed 
there ‘‘ because he wanted to,’’—‘‘ por gusto,” the guide told us. 
Without expecting to go beyond the pole, I set out with one 
guide and reached it in half an hour. Thence the way to the 
summit was in plain view and was obviously difficult. In the 
mean time, another guide came to help in the attempt, and, inci- 
dentally, to accept an extra fee, and we set out after discarding 
everything not absolutely necessary. 

At first the ascent was not steep, but it was in a measure 
dangerous, if one did not have a good head for high places. The 
rock was a soft, crumbling lava, which projected in a series of 
slightly inclined knife edges out over the crater, presenting as we 
progressed, on our left hand a precipice of a thousand feet, and 
on our right a sharp descent into deep ice caves. Passing this, a 
steep narrow ridge of sand led straight to the summit. 

The summit is worthy of the mountain. Although composed 
of sand, it is hardly three feet across. Twenty feet on one side 
is the crater, and thirty feet away on the other the slope drops 
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suddenly into the ice-sheet. To the south a great ridge of rock 
stands out conspicuously, and can be followed by the eye for 
thousands of feet downward. Far away to the north Ixtacci- 
huatl, of nearly equal height, mounts into the sky, and one seems 
to look across a grand cafion worn in some plateau, whose sole 
remaining points are these two mountain tops. 

The air below was hazy, but above the haze a narrow strip of 
blue showed where the horizon was,—and how high it seemed in 
comparison with the nearer regions! At this hour of the previous 
day, between one and two o'clock of the afternoon, clouds had 
been upon the summit, so, to avoid being caught, the photo- 
graphs were quickly taken and the barometer readings made, and 
we prepared to descend. 

The ascent from the entrance of the crater to the summit had 
taken 1" 40". The descent, owing to the character of the way, 
required 30". After stopping a few minutes on the edge of the 
crater, we began the great descent at 2:30, and in exactly 30' 
reached Las Cruces. From there, still on foot, we arrived at the 
Ranch at 3:48, finding our companions ready for us with alunch, 
which, from exhaustion, we could hardly touch. Mr. Cogshall, 
always more robust, ate sandwitches for both of us. I drank a 
few swallows of wine and ate a small piece of sweet chocolate 
The chocolate, the wine, a few swallows of beef tea, and a little 
water were all that passed my lips from the time of leaving Ame- 
cameca to the return thither. 

At halt past four we set out for Amecameca, and reached there 
in four hours, passing through a steeper and more picturesque 
road than the day before. We were indeed greteful for the good 
supper and comfortable beds of its pretty little hotel 

The barometer readings at the top of Popocatepetl were 15.897 
and 15.864 inches, reduced to freezing (403.8 and 403.0 milli- 
metres, respectively), and the standard thermometer registered a 
temperature of 32°.7 F. (0°.4 C.) When compared with read 
ings at Mexico at one and two o'clock, they gave an altitude for 
the mountain of 17,775 feet (5418 metres. This is the result by 
the Smithsonian Tables of 1893; by certain French Tables of 
less recent date the result is 17,721 feet, or 5401 metres). 

[t seems to the writer that during the winter season very val- 
uabie series of meteorological observations might be carried on 
at the top of this mountain. It would then be decidedly the 
highestin the northern hemisphere and the second highest station 
in the world, the highest being on El Misti, at Arequipa, Peru, at 
an altitude of over 19,000 feet (S800 metres), to whose top, by 
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the way, the observer regularly ascends on mule-back. It would 
do for this hemisphere what the El] Misti station is doing for the 
southern. 

The ascent is inexpensive, both in time and money 


We were 
absent exactly forty-eight hours from the city of Mexico, and our 
entire expenses reached only nine dollars (gold) for each man. 
General Ochoa, residing at the Hotel Iterbide, in Mexico, is the 
owner of the mountain and of the sulphur deposits in the crater, 
and we were indebted to his courtesy for a note of reeommenda- 
tion to his manager in Amacameca. 

For the physical exertion of climbing, the atmosphere we en- 
countered was particularly well adapted. The sky was hazy, 
cutting off the fiercest rays of the sun, and the air was quiet, so 
that we did not suffer from cold. It was also especially favor- 
able for obtaining the altitude; for, so far as could be judged by 
signs, the air was without irregularities in density between the 
top of the mountain and the city of Mexico. The sheet of thin 
cloud was far above the top of the mountain, and there were no 
cloud levels below it.. The wind was light, both in the city and 
on the mountain, and the absence of direct sunlight prevented 
any local convectional action which might alter the barometric 
readings. These facts compensated to some extent for the loss, 
which we greatly felt, of the marvellous view of the table-land of 
Mexico. 


PROFESSOR CHAMBERLIN ON THE NEBULAR HYPOTHESIS. 
R. MOULTON 


FOR POPULAR ASTRONOMY 


Professor T. C. Chamberlin, Head Professor of Geology in the 
University of Chicago, read a paper before the British Association 
for the Advancement of Science at Toronto August 20, 1897, on 
A Group of Hypothesis Bearing on Climatic Changes. It was 
necessarily somewhat summary but has been published in extenso 
in the October-November issue of the Journal of Geology, and 
proves to be of great interest to astronomers since a large part of 
it is devoted to subjects which have long been of interest to stu- 
dents of astronomy. 

Professor Chamberlin finds that in the earlier periods of geolog- 
ical history the Earth’s atmosphere could not have been at all 
times so extensive and so rich in carbon dioxide as has been very 








PLATE XXX. 





WrtSTERN CLIFFS OF CRATER IcE FIELD NEAR SUMMIT, POPOCATEPETL. 


PorPULAR ASTRONOMY, NO. 50. 

















F. R. Moulton 509 
generally supposed. The salt deposits of Palaezoic times imply a 
dry atmosphere; and Pleistocene glaciation one possessed of but 
very little carbon dioxide. On the contrary if the Laplacean neb 
ular hypothesis be accepted and the theory that the earth was 
once a molten mass, surrounded bya widely extended atmosphere 
which, cooling and condensing was largely deprived of its carbon, 
hydrogen and oxygen to form the carbonates, hydroxides and ox 
ides, we should expect to find evidence that the farther back we 
go the more extensive the atmosphere would become, and the 
more heavily charged with water vapor and carbon dioxide 
Professor Chamberlin therefore proceeds to raise some doubt 
about the correctness of the ordinarily accepted nebular hypothe 
sis. Hesays: ‘‘ But I venture to question the supposed original 
molten state. While making no claim to disprove it, I doubt 
whether it rests on sufficiently solid theoretical grounds to justify 
the assumptions so unhesitatingly built upon it.’’ His doubts 
are supported by the tollowing considerations. No phenomenon 
has been observed which gives decisive support to the gaseous 
ring theory. It is inconceivable how a ring of such vast radiat- 
ing surface could have been kept hot during the immense ages re- 
quired for its condensation to a spheroidal form. A graver source 
of doubt arises from the high molecular velocities that would be 
attained under such conditions. From tables which he has given 
it seems almost certain that even after the mass had attained a 
somewhat condensed spheroidal form it would have lost all its 
elements of low molecular weights, such as hydrogen, oxygen, 
carbon and nitrogen. Their molecular velocities would have be- 
come so high that they would have shot off in space with greater 
than parabolic velocities. The high rate of rotation which the 
Earth is supposed to have had before the Moon wore it down by 
tidal friction would only have exaggerated the effects. The very 
abundant presence of these elements proves that there is a fallacy 
either in the hypothesis or in the reasoning, and there can scarcely 
be a doubt that it lies in the former 
Professor Chamberlin then examines tl] 


e meteoroidal hypothe- 
sis and finds it more consistent with geological facts. It 4s cet 
tain that the aggregation of discrete meteorites revolving around 
the Sun into one mass would he a slow process, and since they 
would all be revolving in the same direction the kinetic energy of 
impact would he small, so it is plain that the collection into a 
body, such as the Earth, might take place without developing at 
any one time a high temperature. The Earth is growing in this 
manner now by the acquisition of meteoric matter. As the mass 
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became of considerable size it would contract, crushing the me- 
teoric stones, liberating the occluded gases and generating heat. 
If the Earth were supposed to have been homogeneous and to 
have shrunk from a specific gravity of 3.5 to one of 5.6 which is 
the average density now, it is found that the process would have 
generated enough heat to raise the temperature of the whole 
mass 6560° C. This would be amply sufficient to account for all 
the igneous action known to geologists. In the more unfavor- 
able case of the Moon shrinking from a mean density of 2 to 3.5 
(from that of meteoric stones to the Moon’s present density) the 
heat generated would raise the temperature of the whole mass 
2900° C. This again is sufficient to account for all the phenom- 
ena. This hypothesis also explains more satisfactorily the con- 
tinental elevations, oceanic depressions and the irregular distri- 
bution of densities as revealed by pendulum experiments, than 
does that supposing the Earth to have been originally an ex- 
tended molten mass. 

Professor Chamberlin feels freer under this hypothesis to as- 
sume in the different geological ages just such atmospheres as the 
life and deposits of the time seemed to imply. Dr. Arrhenius has 
recently demonstrated that the amount of carbon dioxide in the 
atmosphere has a most important influence upon the climate. A 
loss of from ? to 4 of the amount now in the atmosphere would 
bring on the conditions of Pleistocene glaciation while an in- 
crease from 2.5 to 3 times its present amount would produce the 
mild temperatures of the Tertiary times. The oscillations in cli- 
mate are ascribed to periodic variations in the amount of carbon 
dioxide in the atmosphere, the causes of which Professor Cham- 
berlin summarizes as follows: 

‘The idea hinges (1) on the action of the ocean as a reservoir 
of carbon dioxide and (2) on the losses of the organic cycle under 
the influence of cold. Cold water absorbs more carbon dioxide 
thanwarm water. As the atmosphere becomes impoverished and 
the temperature declines, the capacity of the ocean to take up 
carbon dioxide in solution increases. Instead, therefore, of resup- 
plying the atmosphere in the stress of its impoverishment, the 
ocean withholds its carbon dioxide to a certain extent, and pos- 
sibly even turns robber itself by greater absorption, though the 
diminution of the tension of the carbon dioxide of the atmosphere 
as its amount is reduced tends to increase the discharge ofcarbon 
dioxide from the ocean to restore the equilibrium, and, to the 
degree of its efficiency which is undetermined, offsets the increased 
absorption of the cold water. So also, with increased cold the 
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process of organic decay becomes less active, a greater part ofthe 
vegetal and animal matter remains undecomposed, and its car- 
bon is thereby locked up, and hence the loss of carbon dioxide 
through the organic cycle is increased. The impoverishment of 
the atmosphere is thus hastened and the epoch of cold is precipi- 
tated. 

With the spread of glaciation the main crystalline areas, whose 
alteration is the chief source of depletion, becomes covered and 
frozen, and the abstraction of carbon dioxide by rock alteration 
ischecked. The supply continuing the same, by hypothesis, re-en- 
richment begins, and when it has sufficiently advanced warmth 
returns. With returning warmth, the ocean gives up its carbon 
dioxide more freely, the accumulated organic products decay and 
add their contribution of carbonic acid, and the re-enrichment is 


accelerated and interglacial mildness hastened 


With the re-exposure of the crystalline areas, alteration of the 
rocks ts renewed and depletion re-established and a new cycle in- 
augurated. Andsothe process is presumed to continue until a 
change in the general topographic conditions determines a cessa- 
tion.”’ 


These results lead us to hope that on the ground common to 
geology and astronomy, as has been the case with chemistry and 
physics, many discoveries may be made which shall shed a new 
light on both. 


STELLAR BANDSIN THE ZODIAC FROM GEMINI TO SCORPIO. 


A. E. DOUGLASS 


FoR POPULAR ASTRONOMY 

Various observers interested in the study of the zodiacal light, 
among whom may be mentioned Professors Simon Newcomb and 
Arthur Searle, have urged the especial study of stellar light in the 
zodiac, so that due allowance may be given it in determining con- 
tours of the zodiacal band and the Gegenschein. Observations of 
that class were made by the writer while in South America upon 
faint branches or large areas of the Milky Way, forty-five degrees 
or more from the galactic equator, bringing the Magellanic 
clouds within its reach. The accompanying map represents a 
more recent attempt to delineate such bands or areas of light in 
the portions of the zodiac between Gemini and Scorpio. 
The drawings were made in March, April and May, 1895. Pro- 
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fessor Searle’s method of observation was used, consisting in con- 
tours cf equal brightness drawn upon tracing cloth placed over 
suitable star maps. Heis’s Zodiacal Atlas has been found very 
convenient for this purpose. Twenty-one drawings on sixteen 
different nights were made, and of these the work on April 16 and 
17 is the most complete since on each of those dates some hours 
were especially devoted to it. The longitudes in which bands 
were drawn in the various observations, are as follows: 


STELLAR BANDS OBSERVED IN 1895. 


Date Observation Longitudes Date Observation Longitudes 
March 24 180-200 April 17 I 170-220 
27 160-200 17 I] 110-210 
30 160-200 17 II] 110-240 
30 I 180-200 18 150-210 
31 I] 180-210 19 180-220 
April 1 180-200 20 180-200 
14 150-200 29 100-180 
15 140-220 26 210-230 
16 I 90-180 27 210-230 
16 Ill 140-200 May 24 220-240 
16 IV 110-220 


All were made at Flagstaff save the final observation, in the 
City of Mexico. In anticipation of the present publication, inde- 
pendent drawings have been made here within the last few days, 
which are entirely concordant with these observations in 1895 in 
nearly every detail. The only correction of importance occurs in 
the region between the ‘Sickle’? of Leo and the Milky Way, 
which should be largely filled with light, forming a border to the 
main stream of the Milky Way. This border extends over a part 
of the ‘Great Dipper.” 

As these bands are near the limit of vision they are exceedingly 
faint, and of course most reliance is to be placed upon those 
which show most conspicuously in the diagram: in the fainter 
portions it is likely that there are some small errors. Their aver- 
age brightness is about that of the fainter parts of the zodiacal 
band when observed under favorable conditions. The brightest 
portion is the north-and-south branch in right ascension 190 
A more nearly circular area in right ascension 165° to 175° is al- 
most as bright and is very closely the same as the average 
brightness of the Gegenschein. It has oceasionaly been mistaken 
for it and observations on the Gegenschein while in that region 
are of little value. A small mass of light in right ascension 194 
to 196° has also caused an erronecus position to be assigned to 
the Gegenschein. 

An attempt was made to get rid of the effect of the zodiacal 
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band in this chart but the long continuous band from Praesepe 
to Scorpio may partly be due to lack of success in this respect 
It might be expected that the mere presence of bright stars would 
interfere with this work, and in some cases cause the appearance 
of a fictitious band, but in these observations there is no marked 
connection between bright stars and bands and therefore prob 
ably all of these are due to an extended area of fainter light and 
may legitimately be called branches of the Milky Way In any 
case they are illuminations in the sky which may affect observa 
tians on the Gegenschein and zodiacal light 

For reproduction a combination drawing was made on tracing 
cloth and placed upon the proper map in Heis’ atlas (epoch 
1855) and a negative made through this 

Since reading proof of all that precedes, I have been fortunate 
in finding that Professor A. Searle, in 1885, described a band of 
light passing from Praesepe to / Virginis and thence northward 
The western part of this be found attributale to Durchmusterung 
stars but the eastern portion, particularly the mass of light near 
right ascension 170°, could not be explained in this way He 
suggests diffused nebulosity in that part of the sky. 

LOWELL OBSERVATORY, Flagstaff, Arizona 

January 1, 1898. 


ON SOME MODERN ATTEMPTS TO REPLACE NEWTON’S LAW 
OF ATTRACTION BY OTHER LAWS 


KURT LAVI 
FoR POPULAR ASTRONOMY 


Certain phenomena in the motions of some of our planets have 
led astronomers to question the correctness of Newton's law of 
gravitation as a general law of nature. It is the purpose of this 
paper. first to point out those phenomena which cannot be ex 
plained from Newton’s law, and second to give a short outline of 
the nature of those laws which have been proposed to replace 
that of Newton's. 

After Laplace and the great contemporary astronomers had 


accomplished the task of developing the theories of the planets’ 


orbits, LeVerrier undertook the immense work of constructing 
tables for the great planets based uponall the observations avail 
able up to the middle of our century. These tables form the main 
body of the “Annales del’Observatoire impérial de Paris” that fa 


mous standard work of astronomy. It is known that six quan 
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tities—the so-called elements—characterize the motion of a planet 
about the Sun. If only one planet and the Sun existed these ele- 
ments would be constant. But since the solar system is made up 
of a number of planets the effect is that on account of mutual at- 
tractions these elements must be made to change with the timein 
order to represent the disturbed motion of each planet. In the 
analytical expressions for the elements there occur terms which 
are of the nature: a constant multiplied by the time t. These 
terms are called secular terms since they become very sensible 
when we assign to t values equal or larger than 100 years. To 
give an example, we choose the orbit of Mercury. One of the ele- 
ments is the longitude of the perihelion which we will designate 
with /7, This would be a constant for all time if no planet ex- 
isted besides Mercury, but as this is not so /I is made to vary 
with ¢, so that—always considering but secular terms—it will be 
increased according to the theory in one century by 527”. This 
value is calculated from LeVerrier’s tables. If we now derive the 
values of // for two epochs which are one hundred vears distant 
from each other from actual observations we find that the two 
values differ from each other not by 527” but by about 568”, 
This difference of 41”’ between theory and observation cannot be 
explained in any way when we start from Newton's law of gen- 
eral attraction. Le Verrier’s attempt to explain it from the per- 
turbing action of a group of intra-mercurial planetoids cannot be 
maintained since the most systematic and persistent observations 
made for the purpose of discovering such planetoids have shown 
no evidence of them. Professor Simon Newcomb has corrobor- 
ated Le Verrier’s work on Mercury by employing the large body 
of the modern observations since 1846; he shows that the secu- 
lar acceleration of // of Mercury which Le Verrier had determined 
to be 38” should be increased by 3” [see Professor Newcomb’s 
paper: The elements of the four inner Planets and the funda- 
mental Constants of Astronomy, Washington 1895, and chapter 
28 and 29 of the fourth volume of F. Tisserand’s Mécanique 
Céleste| Professor Newcomb proves that the acceleration in 
question cannot be accounted for by the assumption of a flatten- 
ing of the body of the Sun since this would not produce a larger 
effect than 1’’.2 in one century. 

The example of Mercury was chosen purposely since it repre- 
sents the most prominent discrepancy between observation and 
theory (Newton’s law). The other differences of the same na- 
ture which have been brought to light are those in the longitude 
of the perihelion of Mars, the longitude of the nodes of Venus 








—EEEE 


a eal 


papers 





PR EE RAO CTS BEN PAB ua 





Kurt Laves 515 


and the famous secular acceleration of the motion of the Moon. 
All of these irregularities are much smaller than that in the ele- 
ment of Mercury. 

We now pass over to a short presentation of the nature of 
those laws which have been proposed to take the place of New- 
ton’s law and see if they will be able to account for these differ- 
ences. 

Professor Asaph Hall has published in the fourteenth volume of 
the Astronomical Journal a paper in which he shows that we 
could account for the acceleration in the longitude of the peri- 


of New- 


R er :; fm m° 
helion of Mercury by changing in the expression 3 


ton (f being a constant, r the distance between the two masses 
mand m') the power 2 of rinto 2.000000151 
fm m 


With this modification of Newton’s law he finds 


r- O1LS1 
that the perihelion of all the planets will be accelerated in a cen- 
tury in the following manner: 

Mercury 41” Earth 10” 

Venus 16 Mars 5 

The values for Venus and Earth would not count against this 
law since the eccentricities of their orbits are very small, but in 
the theory of the Moon the agreement between theory and obser- 
vation would be spoiled. Besides there is no doubt that astron- 
omers and physicists would be extremely slow in accepting a law 
which is made just to fit our present knowledge of existing dis- 
crepancies for a general law of gravitation in the manner indi- 
cated. 

The other laws that have been proposed deserve more atten- 
tion. They all have this in common that they consist of two 
parts, of which the first is the expression of Newton’s law; the 
second, an additional term depending upon the time. These laws 
have been constructed in electro-dynamical theories and bear the 
name of their inventors. They are the laws of Gauss, Weber, 
Riemann and Clausius. We need not discuss Gauss’s law since it 
is not in accord with a fundamental principal of dynamics and 
besides it is not possible to explain by it certain fundamental 
phenomena in the theory of electro-dynamics. 

Weber's law is expressed by 


fm m' by 1 (“r)'4 2 dr\ 
r ( c 


tr 
dt C’ dt? \ 
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the additional term added to Newton’s expression is 


‘ fmm | 2 dr 1 (dr\? | 
Therefore ; > os aa 

- [Cc a < weer 5 
c is a velocity which must be determined from observations. 
In electro-dynamics Weber assigns to it the constant value of 
439450 kilometres per second. Since the additional term is mul- 


tiplied by o it is obvious that it will generally be of the order of 


a very small correction. Starting with this law of Weber we 
first attempt to solve the problem of two bodies and we find (see 
F. Tisserand Mécanique Céleste tome IV pages 500-503) that we 
‘an integrate rigorously the 3 differential equation of motion of 
the second order. The longitude of the perihelion of Mercury will 
not be any more a constant under the law of Weber but willsuffer 
an acceleration of 6.77 per century if we assume for c the value 
given above. For an acceleration of 41” per century we have to 
assign to c the value of about 178500 km per second. 

The law of Riemann allows also of a rigorous integration of 
the differential equation of motion. It will suffice to say that it 
is of the same nature as Weber’s law. It will produce an ac- 
celeration of the longitude of perihelion of Mercury that is nearly 
twice as large as that produced under Weber’s law. The con- 
stant c which enters in the same way in this law must have the 
value of about 250.000 km to correspond to the actual accelera- 
tion of Mercury’s perihelion. 

There is left for discussion Clausius’ law. But since the differ- 
ence between the laws of Gauss, Weber and Riemann on the one 
side and that of Clausius on the other is mainly based upon a 
difference in the primary electro-dynamical hypothesis as to the 
nature of galvanic currents it is for us unnecessary to treat 
Clausius’ law separately, since this difference has no bearing on 
gravitational problems. 

It is of interest to notice that Professor Seeliger has discussed 
the question whether Newton's law of attraction can be regarded 
as a universal law of gravitation in a series of papers published 
in the Astronomische Nachrichten (numbers 3287, 3292 and 
3304) starting from an entirely different point of view than that 
outlined before. 

Professor Seeliger makes the assumption that the total mass of 
all the matter in the universe is infinite and then proves that if 
we apply Newton’s law to the infinite universe we shall be led to 
contradictions. We have thus to assume either the one or the 
other of the following assumptions: 
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1. The total mass of the universe is infinite and then we can- 
not regard Newton’s law to be the rigorously exact expression 
for the attractive forces acting in it, o1 

2. Newton’s law is rigorously correct and then we must con- 
clude that infinite parts of the space cannot be filled with mass of 
finite density. 

It is certainly more logical to ussume the first and regard New- 
ton’s law as an approximative formul 1 needs supplemen- 
tary terms, the nature of which has not yet been ascertained. 


Professor Seeliger gives an exan orrected form of 


Newton’s law by multiplying the for it by the factor 
e “where eis the base of natural | rithms and A is a very 
small quantity. The expressio1 as the property 
that it will not lead to a contradictio1 ewton’s law did and 
it will produce besides an accel ion of t longitude of the 
perihelion of all the planets compared the values unde1 
Newton’s law For A O.0O0000038 1 ! celeration of 
Mercury will be 41” the acceleration for e other planets will be 
as follo VS 

Venus 29” Mars 20” Saturn 8 Moon 0”’.9 


Earth 24 Jupiter 11 ‘eptune 5 


The number of laws thus proposed to take the place of New- 
ton’s law is quite large. All of them can be said to contain an 
arbitrary constant which when properly determined will produce 
just the acceleration of the longitude of the perihelion of Mercury 
which is observed. As Maurice Levy has pointed out (Comptes 
Rendus CX pages 545-551) innumerable other laws can be con- 
structed by an algebraic combination of those of Riemann and 
Weber, all of which can be made to cause the discrepancy in Mer- 
cury’s orbit to disappear. It is obvious that theseinvestigations 
have not yet brought out a final result but that they certainly 
will lead the way for future research in this line. In conclusion 
we might point to the interesting investigations of Professor R. 
Lehma.n—Filhés which he has published in the Astronomische 
Nachrichten 2630 and more recently in the Sitzungrberichte der 
Mathematsch physicalischen Classe der Akademie der Wissen- 
schaften zu Miinchen 1895 Heft. III. The author makes the as- 
sumption that gravity is not propagated instantaneously but 
likelight and electricity requires time for its propagation. Inthe 
first paper he finds that the velocity of propagation per second 
must be larger than 51850 times the velocity of light, which re- 
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sult he obtains by applying his theory to the Earth’s orbit where 
the secular acceleration of the longitude is certainly not larger 
than 2”. In the second paper Professor Lehmann—Filhés makes 
the attempt to account by his theory for the secular acceleration 
of the motion of the Moon. But the resuit is a negative one he 
finds not an acceleration by a retardation. To keep this sensibly 
small it would follow that the velocity of propagation of gravity 
should be more than 20 times as large as the value derived for it 
from the first paper. 
THE UNIVERSITY OF CHICAGO, 
1897, Dec. 15th. 


A NOTE ON A NEW FORM OF MIRROR FOR A REFLECTING 
TELESCOPE. 


F. L. O. WADSWORTH, 
For POPULAR ASTRONOMY. 


The form of mirror described by Professor Poor at the recent 
astronomical conferences at the Yerkes Observatory seems to be 
exciting considerable discussion just now. In the last number of 
PoPpuLAR ASTRONOMY Professor Scheberle’s paper on this sub- 
ject (A. J. No. 419) is quoted in full with the remarks, ‘ The 
point whether or not such a mirror if it could be made would be 
good or worthless was not even raised if our memory serves us 
rightly.’”’ “It would hardly seem possible that Mr. Poor in his 
study of the qualities of such a mirror, should have wholly over- 
looked so important a fact as that raised by Professor Sche- 
berle ..... . who severely criticises the proposed form of mirror 
and declares it worthless.” 

In justice to Professor Poor and to those who participated 
in the discussion following the reading of his paper, attention 
should be called to two or three facts in this connection: 
(1) in the paper which Professor Poor presented at the con- 
ferences he stated that he was then engaged in the question 
of examining the aberration of the proposed form,of mirror; 
(2) In the discussion which followed the reading of the paper, 
this point was brought up again and the writer stated that 
it was his opinion, without having carefully examined the 
question, that the irregular aberration due to errors in the figur- 
ing, would be less in this form of mirror than in the ordinary 
form. (3). There was a further discussion of these points 
between Professor Poor and myself, (at which Professor 
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Brooks and some others, among them I think Professor Snyder, 
were present), after the meeting, during which Professor Poor 
showed me some results which he had already obtained and again 
stated his intention of investigating the whole question more 
thoroughly. (4). A short time after his return to 


Baltimore, 
Professor Poor sent me < 


i copy of his paper which recently ap- 
peared in the A. J., (No. 421, Dec. 14th) and which was in my 
hands several days before Professor Schzeberle’s article appeared 
(A. J., No. 419). 

With reference tothe conclusion reached by Professor Schzeberle, 
that the form of mirror under discussion is “utterly worthless,” 
it seems necessary to point out first of all that this writer’s re- 
sults for the aberration of this form of mirror for points out of 
the optical axis, are grossly in error, for the reason that he has 
neglected the fact that the focal surface is not normal to the op- 
tical axis of the mirror, (as in the usual form) but is inclined to 
it at an angle of 45°. In consequence of this the result that Pro- 
fessor Schzeberble has really obtained is the maximum diameter 
of the cross section of the elliptical cone of light from the mirror 
at a distance equal, (very nearly), to ¢ tan 15’, away from the 
real focal point. 

At this distance from the focus, the cone of light, in a mirror 
having a ratio of aperture to focal length of 1:7, as assumed by 
Professor Schzeberle, would itself subtend an angle of nearly 43”; 


“oO 


i.e. about 90 % of the effect he finds is simply due to his being 
out of the true focus. The aberration in this form of mirror 1s 
as a matter of fact, only slightly greater than in the ordinary 
form, (unless the angular aperture 4 be excessively large).* It is 
the large inclination of the field to the optical axis which is the 
chief drawback to the efficient and convenient use of this mirror 
in ordinary visual or astrophotographic worl 

But leaving these applications out of consideration entirely it 


seems pertinent to inquire whether Professor Schzeberle holds the 


opinion that stellar spectroscopic and spectrogt iphic research 
is also ‘utterly worthless.’’ In this field of work, the question 
of accuracy or inaccuracy of Professor Schzeberle’s conclusions 
as to the character of the images formed at some distance from 


the optical axis of the mirror may be left out of consideration 


entirely, for we are here concerned only with a point at the cen 
ter of the field, where, as Professor Schzeberle himself acknow] 
edges, the definition is theoretically perfect, (7. e. as ordinarily 


See Professor Poor's paper, equation (3) in the Astronomical Journal 
No. 421. 
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considered). Considering this fact and considering also that for 
work of the kind just mentioned, this form of mirror, or rather 
the form of mounting possible with it, has very great advantages ; 
(advantages to which I have refered more at length elsewhere, 
and which will be recognized at once by those engaged in 
these lines of research); I must emphatically dissent from 
the opinion which Professor Schzberle has expressed, so far 
as the theoretical advantages of the form are concerned. 
I still believe that the fundamental difficulty with this form 
is the practical one of figuring the surface, although I am 
not at all sure that this difficulty may not be overcome, perhaps 
much more easily than at first appears, by proper methods of 
working. For one I most sincerely hope that Professor Poor 
may continue his experiments in this direction and carry them to 
a successful issue. 

In connection with the matter of figuring the surface of such a 
mirror I may perhaps call attention again to point (2) of the 
second paragraph, since it has not been touched upon by Profes- 
sor Poor in his paper. In looking up the literature of the subject 
of aberration of mirrors I find that this very point has been con- 
sidered by Lord Rayleigh and that his results confirm thecorrect- 
ness of the opinion I expressed at the time of the conferences. His 
conclusions are sufficiently important and interesting in this con- 
nection to justify quoting them in full. He says:* ‘In the case of 
perpendicular reflection from mirrors the results of $4 lead to 
the conclusion that no considerable area of the surface should 
deviate from truth by more than one eighth of the wave length. 
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‘In the case of oblique reflection at an angle, ¢, the error of re- 
tardation due to an elevation BD (Fig. 7) is 
QQ’ — OS = BD sec ¢ (1 — cos SQQ’) 


~< 


= BD sec ¢(1 + cos 2¢) = 2 BD cos ¢ 


* “Tnvestigations in Optics with special reference to the Spectroscopes § 5, On 
the Accuracy required in Optical Surfaces.” Phil. Mag. Dec. 1897, pps. 477-9. 
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for which it follows that an error of a given magnitude in the 


figure of a suface is less important in oblique than in perpendicu 


larreflection. At first sight this result apps o becontradicted 
by experience; for it is well known to pr pt { 
is more difficult to secure a satisfactory pert ce wh ( 
tion is oblique. The discrepancy is explained ean sure 
when we take into account the kind of error to whichsu ( ‘ 
most liable. No important deviation fron ( 

is to be feared; but a surface intended ) ¢ 

sume a slight general convexity or con 

Hection a small curvature is readily and al 

pensated by a small motion of the eyep 

focus; but the compensation obtai 

perfect when the reflection is oblique In 

of surfaces approximating to a plat 

pose, coincides with the family Of surtac 

duced; in the second case the family Tt 

surfaces capable (with suitable focus) of 
contains only one symmetrical member—th¢ fect planc ¢ 
order to test experimentally the correctness of the theoretical re 
sult, it would be necessary to retain the focus s hle to P 
surface, and not to allow a readjustment b its erro 1eay 
be in greater or less degree compensated. 

A further difficulty, not touched by the preceedine considera 
tions, still remains to be mentioned. In the ordinary method of 
testing plane surfaces by measuring the change of focus r quired 
when a distant point is viewed through a telescope, first directly 

i aaienictieinnneernanasineastt G 
c 1a re 7m 1 
| 
ple % 
ric. & 
and then after reflection in the surface, the test is found to be 


more delicate as the reflection is more oblique. The explanation 
of the apparent inconsistency will be best understood by a caleu 
lation of the focal length of mirrors founded directly upon the 
principles of the wave theory. Let ACB (Fig. 8) be the arc of a 
(parabolic) mirror, which reflects parallel rays GA, HD, KB, toa 
focus F. AD= y, DF=f,CD=t. 
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In calculating the retardations of the various rays we will take 
as standard the phase at F of a ray coincident with HD, reflected 
at D, (as by a plane mirror ADB) instead of at C, so that the 
actual retardation at F of the central ray HCF is 2t. The retar- 
dation of the extreme ray GAF is AF — FD, or 


Ve+y—ft 


Since Fis by supposition an optical focus the phases of all the 
rays must be the same; and thus 
it? + y’ — f= 2t (1) 
If the aperture (2y) be small in comparison to the focal length, 
ae ' 
\ t?+y—f= approximately, 
: " s 


) 


so that 
y- 
| 
4t 
In the limit it is a matter of indifference whether f be measured 
from D or from C. If rbe the radius of curvature at C 


and 


i 
the usual formula. 

When the incidence is oblique there are different foci in the prim- 
ary and secondary planes. Considering first the case of the 
primary plane, let ACB (Fig. 9), be the mirror and F the focus, 
AD= y, CD=t, HCD = @. 

AL is the course which 
Saati G the ray GA would take 
if reflected by plane sur- 
face ADB. C isthat point 
of the mirror at which 
the tangent is parallel to 
AB. The retardation at 
F of the ray GAF is 
; AF— AL; and the retard- 
\ SL ation of the ray HCF due 
\ to the curvature of the 





mirror is 2t cos m. These 
retardations must be 
equal; and thus 
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AF— AL =yAL’ + FL? — AL = 2tcos¢p 
When the aperture is small yA’ + FL’ — AL is approximately 
1 FL’ 
2AL’ 
ultimately AL may be identified with £, the focal length in the 
primary plane, and FL may he identified with y cos y, so that 


y’ cos” Pp ; 
Y 2t cos p (4) 
or : 
, V- COS @ 
i, =* (5) 
47 


Thus it appedars that, so far as the primary focal length is con- 
cerned, the diminished retardation of the central ray due to 
obliquity is outweighed by the corresponding diminution of ef- 
fective aperture (FL); but although in consequence of obliquity 
a greater change of focus (estimated from that required for a 
plane surface) is necessary in order to get the best result, still if 
no change of focus be admitted, the error due to curvature is less 
sensible in oblique than in direct reflection 

The preceeding discussion assumes that the same extent of sur- 
face is used in all cases. In testing planes by reflection it often 
happens that a greater extent of surface is used in the case of 
obliquity, the field being limited by the object glass of the tele- 
scope rather than by the reflecting plane. Under such circum- 
stances the loss of definition (with focus unaltered) due to curva- 
ture is aggravated by obliquity. 

In the secondary focal plane there is no diminiation of effective 
aperture due to obliquity. Instead of (4) we have 

y 
ot 


, : 
2t cos g (6 


or 
\ 
Lt COS g 
In this case the favorable effect of obliquity shows itself directly 
in the increased value of f,”’ 

In conclusion it may be said that it is certainly time to dis- 
criminate between different classes of work, when discussing the 
relative merits of reflecting and refracting instruments. Neither 
the reflector nor the refractor can be considered as the more efhi- 
cient in all classes of work and any argument which attempts to 
force such a conclusion necessarily loses in power by its very at- 
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tempt to prove too much. In the general field of visual observa- 
tions and in astrophotographic work the refractor is for many 
reasons superior to the reflector, but in spectroscopic, spectro- 
graphic and allied branches of astrophysical investigations, the 
latter instrument is far more efficient than the former. This has 
been so often pointed out and so abundantly demonstrated by 
the results of observation that, considering the importance which 
spectrotcopic research has now assumed in the development of 
modern astronomy, it seems surprising that on the one hand the 
claims of the reflector should not be more generally recognized in 
the equipment of modern observatories, and that on the other 
some steps should not have already been taken to turn the large 
reflectors already constructed to account in the investigation of 
some of the many problems now pressing for solution in this al- 
ready vast and daily extending field of research; the opening of 
which, little more than thirty vears ago by the pioneering labors 
of Huggins, Vogel, Young and others, makers, it is safe to say, the 
beginning of an era which will be even more fruitful of astrono- 
mical discoveries and possibilities of development of astronomical 
knowledge, than that with which the name of the Herschels will 
remain forever associated. 
YERKES OBSERVATORY. 
24th Dec., 1897. 


III. ON THE BEST METHOD OF OBSERVING THE MILKY 
WAY. 


\. PANNEROER, 
FoR POPULAR ASTRONOMY. 

The aim of all our researches of the Milky Way is to get a pic- 
ture of allits details representing as correctly as possible its ap- 
pearance to the naked eve. It is only on account of its extraor- 
dinary faintness that we are obliged to use special methods and 
precautions in this research. Among these precautions the fol- 
lowing are the most important. 

The observer should not be acquainted with the results of 
former researches. For its great faintness makes it very easy to 
see, what we expect to see; and preconceived ideas will soon 
vitiate the results. Another important precaution to be taken is 
to avoid the inconvenience caused by artificial illumination. This 
diminishes the sensitiveness of the eye to the faint glow of the 
Milky Way and small differences of brightness remain unper- 
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ceived. It is often observed that sometimes a quarter of an 
hour after leaving a lighted room the eye is still dazzled. There 
fore good observations of the Milky Way can only be made when 
the eye has been some time in darkness, and it is most earnestly 
advised to write in darkness without artificial illumination of 
the paper. 

It stands to reason that the sky should be wholly clear and 
cloudless. Even the slightesc veiling of the sky will wholly viti 
ate the aspect of the Milky Way, and observing should in this 
case be wholly avoided. Moonlight too n be very mjurious 


not only making the faintest parts of the Milkv Wav invisible 


but also by the general illumination of the sky and of the sut 
roundings causing the eve to become inst » slight differ 
ences of brightness 

Some difficulty is presented in obset ese precautions 
but in every case the observer should tal e 1 te all the « 
cumstances that may perhaps dimt f 4 —_ 
tions, so that afterwards eac ( 
to its comparative certan 

When an astron mer Tt kes sho 
irs i nt \ 
regions \t the same time } & | 
spots and st mers of the Aj \ ) IV \ en th 
observer knows the general aspect, ' ‘ e to study the 
further problems successfully These 1 be divided into two 
different lines of research, viz, the inv if the minutest 
visible details and the examination of t distribution of 
brightness 

When we wish to follow the first lit ©. i s best to study at 
once, only a limited part e. g along lone} le of 30 60 
degrees. This part is surveyed till we k Vv ( tly what we see, 
and as soon as we can describe in words all its peculiarities we 
note them down. In this manner we describe the position of 
bright and dark spots and their boundaries by the stars on them; 
also the streamers, which conn these spots, « which lost 
themselves in the darkness of the hac oro | \loreover we no 
tice the appearance of a spot, whether it is equally luminous, o1 
whether it diminishes from one side to another, whether its 
boundaries are marked or whether the light gradually fades into 
the surrounding darker parts; whether the light is even or 


whether it is dotted by numerous little stars, or clusters to little 


flakes of light. In bright spots it is often advantageous to look 


at dark lanes, that divide them, and I have always fonnd it best 
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to look not exactly at the point that is being examined but some- 
what above or at one side of it. By this indirect vision minute 
details appear, that are not visible when looked at directly. If 
desirable the description can be completed by little sketches, e. g. 
of irregular boundary lines. The brightness of the different spots 
may be designated by numbers; these will never leave doubt as 
to what the observer has seen, and therefore are much clearer 
than the adjectives faint, bright, very bright, etc. A scale with 
5 for the brightest spot, 0 for the background of the sky will, I 
think, suffice. 

When the observer has in this manner filled up his sheets of 
paper with the description of a part of the Milky Way, they 
should be copied at home as soon as possible; for often the lines 
will be confusedly and illegibly written and he will then still be 
able to recollect what is meant. A sketch of the examined region 
can be added, not as an exact representation, but only to supple- 
ment the description and make it clearer. 

The same region should be examined several times in this man- 
ner, and the observer will soon perceive that during subsequent 
observations he is able to see more peculiarities than at the first. 
In midsummer the regions of Aquila and Ophiuchus can be taken 
up, and during autumn the further course of the Milky Way 
through Cygnus, Cassiopeia and Perseus is examined, till in win- 
ter the research is concluded with the Auriga and Orion regions. 
The next year the observations are repeated, till a sufficient quan- 
tity of materials is collected for a good general description, which 
nowhere leaves doubt about the appearance of the Milky Way. 

-articular emphasis has been laid on the verbal description; in- 
deed it is much more intelligible to every one than a picture; for 
a picture gives the opportunity of doubting of what is seen by 
the observer, especially when the inaccuracies of the multiplying 
process add to the impossibility of drawing everything exactly 
as we desire it. On the other hand a picture has the advantage 
of showing in a moment what would require a long verbal de- 
scription. Whoever therefore gives preference to drawing for 
this purpose can make himself very useful by drawing an accur- 
ate picture of the Milky Way. But I believe this will be much 
more difficult. 

In taking up the second problem, the investigation of the gen- 
eral distribution of brightness, the observer should pay attention 
only to the principal peculiarities, that are perceived by an ex- 
perienced observer at first sight; greater parts of the Milky Way 
may then be treated at once. The method, that has pleased me 
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most, is by drawing lines of equal brightness (isophotic lines) 
After having examined the region thoroughly, a boundary line is 
picked out and its course is followed along the Milky Way, every 
where tracing the places of equal brightness. After having fin- 
ished such a line and after having marked its course upon the 
chart, another is chosen, shaping its course along a track of 
greater or lesser brightness. It will be necessary often to com 
pare the brightness of more distant parts. It will soon appear 
that only 4 or 5 different degrees of brightness can be used with- 
out confusion. The different regions that are examined one afte 
another must be linked together by parts they have in common; 
and comparison of regions at great distance will control theit 
relative brightness. In this research the parts of the Milky Way 
examined should not be at too low an altitude for then the ex 
tinction of their light by our atmosphere has too great influence 

For these observations it is very useful to have charts, that can 
be used without artificial illumination. Such charts may be eas 
ily constructed by taking dull-black paper (which can be made 


e.g. by covering the paper with a coat of blacking and starch 
mixed) and dotting the stars upon it with a white body-colo1 
f. i. white-lead. When the Milky Way diagrams of Marth are di 
vided by means of the strokes along the edges into squares of 5 
and when a similar net on alargerscale is drawn upon the paper, 
the squares can be filled up with stars by eye estimate. On such 
a chart chalk may be used to draw the lines; when they are 
copied at home on the white charts, the lines may be effaced by 
means of a wet sponge. 

Another means of getting materials for the general distribution 
of brightness is to compare the brightness of spots along the 
whole Milky Way, at small and at great distances. The bright- 
ness may be expressed by numbers from 1 to 5; and in this man- 
ner a catalogue may be constructed where each spot or streamer 
has its brightness expressed in the same manner as a Star by its 
magnitude. The place can at first be given by alignments of 
small stars in the neighborhood; and afterwards at home by 
their galactic longitude and latitude according to the diagrams 
of Marth. Perhaps it is useful to choose standards of brightness 
in different parts of the skv; these should be chosen, where 
greater spots of even light occur. 

For the advancement of science it is necessary to publish the 
immediate results of hoth methods of working. The study of the 
general distribution of brightness may give great profit, in con- 
nection with star gauges, in researches on the construction of the 
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universe, like Herschel’s, Struve’s and Gould’s, while the study of 
minute details may be useful in such researches as Easton’s as to 
the connection of the distribution of the smallest stars with the 
appearance of the Milky Way, and in the future, to discuss the 
question, whether changes in the appearance of the Milky Way 
take place. But as it will be a great satisfaction for an observer 
to have a picture as exact as possible, I will explain the manner 
in which to construct it from the observations; moreover it may 
make the foregoing explanations somewhat clearer. When ona 
star chart we draw the lines of equal brightness, described on 
p. 525-6 by shading the region between them with increasing deep- 
ness, then blending these shades into one another at their bound- 
ary lines, we have a picture with good distribution of brightness, 


L 


but showing only the more general details, though it gives the 


general appearance very well. Upon this background we can 


draw the minutest peculiarities, taken from the results of the 


studies of p. 526-7 we then have a picture that contains all that 
the server has been able to see, and which still shaws. the 
brightness of the different parts in a very exact proporti 


ON THE “WORTHLESSNESS’* OF METHODS OF GEOM! 


CAL OPTICS IN DEALING WITH THE PROBLEMS R 
LATING TO THE DEFINITION AND THE DELINI 
ATING AND RESOLVING POWER OI 
TELESCOPES. 
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It has often happened in the history of science that t 


celebrated men of their time have, through their conservatism o1 
worse yet active Opposition to new ideas, greatly retarded the 


progress olf science. So it was in the case of Berthollet who in the 


* I teel that an apology ought to be offered for using such a strong expression 
as this in the title of a paper. It is not mine but is borrowed trom the title of a 
recent article in the Astronomical Journal (**On the *Worthlessness’ of a Pro- 
posed Form of ‘Telescepe,’’) by Professor Schzeherle. If however the expression 
wus justihable in that case, it will be admitted, I think, that it certainly is in the 
present one; (see note ‘On a New Form of Mirror for a Reflecting Telescope 
which appears elsewhere in this issue. ) 

In this article Professor Schzeberle has remarked that ‘certain fundamental 
principles of optics have remained hidden ever since the invention of the telescope 
It will hardly be admitted I think that physicists and opticians at least, are in 
general so ignorant of one of the most important branches of their sulject as Pro 
fessor Schzeberle would have us believe by his statement, although it can not be 
denied that there are some astronomers who are either ignorant of or choose to 
ignore, ‘‘certain fundamental principles.’ 
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zenith of his reputation brought all of his influence to bear 
against the acceptance of the law of chemical-combination ad- 
vanced by Proust, the final triumph of which marks one of the 
greac forward steps in the history of chemistry; in the case of 
Cuvier, the great French biologist, who in common with most of 
his contemporaries, looked upon the doctrine of transmutation, 
advanced by Lamarck, the predecessor of Darwin by nearly hal- 
a century, as the idea of a dreamer; in the case of Davy and Wolf 


latson who if thev did not actively oppose Dalton’s atomic the- 


Ory, the basis of our present conceptions oO the constitution of 
matter, at least looked upon it with littl in the case of 
Faraday, Brewster and Herschel who ( milar attitude 
toward the doctrine of the Conserv rev, now istly 
regarded as one of the grandest ce eC] ove or cen- 
turv, when it is first brot t fe \] I 
11 it] | { > | N Vi ( 
pos lio! ) ( Swe. % t 
l I fe i r 
1 1 ) i } ) 
h ‘ iT 
t i 
l ~ ‘ 
Li¢ 1 ( < 
h a) ) ) 1 ) S 
Clit l w | ( Cc ( 1i¢ 
cl 1 i l ©] Vs 
1¢ Lo] \ | t the su ex lena | 
bv Sto “= Rav rly ] ) \ André 
and } y otn e) the m <1 lis G j wis nad iSLTol 
omers of t st halt of this cent t ( Su sing that 
theconclusions of this theor | d be so rec ed 
and its ds of analvsts so complete rt man ¢ 
tronomers of! e present day 

I oO not ly V rie nS wish Ot pl { Oads « CO 
metrical optics are without value, or that t] USIONS rcé ed 
when thev are empl ved are aly VS ert! Ol (1 the col 
trary I reg rod these methods of ( { ( ( I 1 ne 
the curves of lenses for visual or for the various « asses of phi 
graphic work, in determining principal and conjugate foci « 
various lens combinations, in determining indices of re!ractio1 

It is perhaps worth noting that the w e theor s even more strong 

opposed in Frauce than in England, the | me of Newtor & e, Poisson and 


Biot all waged bitter war against it. 
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the deviations and dispersions of various prism trains etc., and 


in dealing with many allied problems in which we are concerned 
principally with a change in direction of rays (sic) of light. 
When however we come to deal with problems in which we are 
more directly concerned with questions relating to a change in 
the form of the wave front, such as questions relative to the phe- 
nomena of diffraction, interference and double refraction, the 
methods of geometrical optics are as much out of place and as 
little capable, when employed, of yielding results which are either 
complete or reliable, as purely geometrical methods of analysis 
would be in dealing with the general problem, (for example) of a 
body moving in a resisting medium of varying density, or under 
the action of varying forces. 

In dealing with questions as to the form and character of tele- 
scopic images, in the formation of which the phenomena of dif- 
fraction play a fundamental part, conclusions have frequently 
been reached by writers, who have used the methods just alluded 
to, which are not only incomplete, but, frequently entirely wrong 
and misleading. The writer has already called attention to 
many cases of this kind* and it now seems necessary to refer to 
yet another one. In a recent paper published in the Astronomi- 
‘al Journal,+ Professor Schaeberle has derived certain formule 
for what he terms the ‘‘blurring factor” of a parabolic mirror, a 
term the necessity for whose introduction, by the way, it is diff- 
cult tounderstand, since it is simply another expression for what 


* See papers (1) ‘‘General Considerations Respecting the Design of Astronom- 
ical Spectroscope,’’ Astrophysical Journal, Jan. 1895, pg 52; (2) ‘‘Further Notes 
on Astronomical Spectroscopes,”’ ibid, March, 1596, pg. 176; (3) ‘Conditions of 
Maximum Efficiency in the Use of the Spectrograph,” ibid, May, 1896, pg. 321; 
(4) **The Resolving power of Telescopes and Spectroscopes for Lines of Finite 
Width,’”’ Mem. d. Soc. d. Spet. Ital., Jan. 1897, pg 2, Phil. Mag., May 1897, pg 
317. Wied Ann, June 1897, p 604, and Jour. de Phys. Aug., 1897 p 409; (5) “On 
the Conditions which Determine the Limiting Time of Exposure of Photographic 
Plates in Astronomical Photography,"’ Ast. Nachr. No. 3439, and Knowledge 
Aug. and Sept., 1897 pps. 193-218: (6) “On the Conditions of Maximum Effi- 
ciency in Astrophotographic Work. Part I. General Theory of Telescopic 
Images.” Astrophysical Journal, Aug. 1897. p 119; (7) “On the effect of the Size 
of an Objective on the Visibility of Linear Markings on the Planets,’’ Astronomi- 
cal Journal, No. 414, p. 41; (8) “On the Photography of Planetary Surfaces,” 
Observatory Sept. Oct. Nov. 1897, pp 333, 365, 404. etc., etc. In Nos. (5) and 
(6) there is an error in ove of Lord Rayleigh’s results which was accepted and 
used by the writer in developing the general theory of the ‘‘delineating power” of 
a telescope; but this error fortunately affects only one of the minor conclusions 
(that relating to the fogging of the photographic plate by the light from the sky) 
of these papers. See note on “An Error in the Expression for the Intensity of II- 
luminationat the Focus of a Telescope,” Astronomical Journal, No, 424, also As- 
trophysical Journal, Jan. 1898. 

+ ‘In a fundamental Optical Defect in the Image Formed by a Parabolic Re- 
flector’’ A. J. No. 413 p 35; see also paper published in recent number of this 
Journal, ‘Theoretic Cause of the Failure of Parabolic Reflecting Telescopes of 
Large Angular Aperture,’’ PopULAR AsTRONOMY, Oct. 1897, p. 315. 
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is ordinarily termed spherical aberration.* Applying these form- 
ulz to the case of various existing instruments, the author comes 
to the conclusion ‘that a parabolic reflector having a ratio of 
focal length to aperture which is less than, say, fourteen to one, 
is theoretically and neared unfit for making observations of 
extreme delicacy” ..... “even then” (with this ratio) ‘‘it is 
essential that the center of the field of view shall coincide with 
the optical axis, and all observations made within a few seconds 
of arc from this axis.”’ 

In commenting upon these conclusions, which are at utter vari- 
ence with results of observations to which I shall presently call 
attention it might be remarked first of all, that Professor 
Schzeberle’s formulz, as Professor Poor has also recently pointed 
out,+ are ‘only approximate and are derived in an unsatisfactory 
and obscure manner.’’ It is not to this however that the errors 
in Professor Schaeberle’s conclusions can be ascribed for his 
formule, approximate though they are, give results fairly accord- 
ant with these yielded by the formulz derived in a more rigorous 
manner by Professor Poor. Professor Schzeberlein common with 
the majority of the preceding writers on this subject has been led 
astray in his conclusions by forgetting that the question of the 
linear extent or ‘‘spreading”’ of an image in the focal field of a 
telescope is in most cases entirely subordinate in importance to 
the question of the distribution of light in that image. As a good 
illustration of this important point it is only necessary to con- 
sider the character of every physical image, either of a star or of 
an extended source, (not infinite in extent) which is formed by a 
telescope. Even when the instrument is entirely free from both 
chromatic and spherical aberation, and the ‘seeing’ is perfect, the 
image is ‘spread’ (by the effect of the diffraction of the finite 
aperture of the image forming lens or mirror), over the whole of 
the focal plane. This ‘spreading’ however produces but little in- 
jurious effect on the definition because a large proportion of the 
light is concentrated within the borders of the geometrical image 
(in the case of an extended source,) or within the central element 
of the diffraction pattern, (the so called spurious disc), in the 

* In passing it mav be remarked that the assumption made in Professor 
Schaeberle’s paper that this question (spherical aberration of mirrors), had pre- 
viously entirely escaped the attention of astronomers and opticians is certainly 
a surprising one. It has been considered by a number of writers among w hom 
Lieut. Gen. Tennant deserves special mention. His paper on this subject, which 
will be referred to again later on, was published ten years ayo in the Mon. Not. 
R.A.S., (Vol. 47 p 244, March, 1887) and the treatment of the special cases he 
considered is more complete and satisfactory than that of any of the other 
writers on this subject, with whose papers I am acquainted. 


+ See paper “On the Aberration of Parabolic Mirrors.” J. No 420, p. 89. 
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case ofastar. Nevertheless we should never loose sight of the 
fact that no physical image has a definite edge or boundary, the 
apparent edge being produced by the contrast effect, resulting 
from the rapid falling off in the intensity of the diffraction pattern 
at that point. 

A still more striking illustration of the primary importance of 
the question of the distribution of light in the image as compared 
with the question of the linear extent of the latter, is afforded by 
the consideration of the images produced by an ordinary refractor. 

In this case the images are broadened not only by diffraction but 
to a much more serious extent by chromatic aberration. The 
color curve of the 40-in. telescope has recently been determined 
by the writer®* and it has been found that the difference in focus 
between yellowish green light, of wave length about 5500 Ang- 
st6m units, (which is about the mean wave length for which the 
telescope has been corrected, or as it is sometimes termed the 
mean wave length for minimum focus), and blue light of wave 
length about 4500 Angstr6m units, is nearly 1.6 inches. When 
the telescope is focussed for light of the first wave length (which 


for most observers gives the sharpest visual image), the blue 


I 
above amount, and its diameter, considering only the central ele- 


image of a star disc, (for example), will be out of focus by the 


, 


ment, the so called spurious disc, 6f the image, will be about 
0.12 in. or over 20”. Is 


On such grounds of comparison then (since 
this “blurring”? would occur even at the very center of the field), 
the refractor would be very much worse than the reflector, would 
in fact be‘tutterly worthless.”? But we know of course that under 
proper atmospheric conditions the definition of a good refractor 
is at least sufficient to enable us to very nearly if not quite realize 
the theoretical resolving power of its aperture, which is certainly 
all that we could expect of any instrument. The reason for this 
again is found in the fact that notwithstanding this great broad- 
ening of the image, (which as just pointed out, would seem on 
the ground of geometrical optics, to he prohibitive of any good 
results being obtained), the actual distribution in intensity in 
what I have elsewhere termed, ‘the visually effective diffraction 
image’’y is such that itis the central part only which affects the 
eve to any degree. 

In the case of the parabolic mirror by far the larger pro- 
portion of the light which unites to form an image of a 

* A full report of this investigation will be published in the Feb. or March 


number of the Astrophysical Journal 
+ “General Theory of Telescopic Images,’’ Astrophysical Journal, Aug. 1897. 


: enna alae = 











F. L. O. Wadsworth. 


point source, comes from the outer portion of the mirror, par- 
ticularly when the instrument is of the usual Newtonian or 
Cassegranian form. To attach equal importance to the effect of 
the inner and outer zones in determining the prejudicial effect of 
aberration is therefore fundamentally wrong 

To those who prefer to draw conclusions from the results of 
practical observation, rather than from the preceding considera- 
tions, which they might perhaps consider of a more or less theo- 
retical nature, (and there are some astronomers, to whom, for 


some reason best known to themselves, theoretical consid- 


erations, seem to appeal very slightly if at all), the fol- 
lowing facts, which it is certainly surprising Professor Schae 
berle should have so completely forgotten or overlooked, 
will prove even more convincing against the conclusions de- 


duced from a geometrical treatment of the problem under con- 
sideration. Herschel discovered the two inner satellites of Saturn 
with his celebrated 40-ft. reflector used in the Herschelian or 
“front view’ form. Theratio of aperture to focal length in this 
instrument was 1 to 10 and the images must therefore have been 
observed at least 1°. 5 from the optical axis At this distance 
the image of a point source would, according to the results of 
Schzeberle have a diameter, (maximum), of at least 10” which is 
greater than the distance of the inner satellite (Mimas), from the 
edge of the ring at the time of discovery Even still better evi- 
dence of the incorrectness of the conclusions under discussion is 
found in Herschel’s measurements of double stars made with the 
same instrument between 1802 and 1804. Among these may be 
mentioned, (I include in the list only those whose separation at 
that time was very much less than 10’’,) a Leonis, (less than 1”); 
© Ursz Majoris, (less than 3”); 7 Coronz Bor. (about 1”.5); 6 
Corone Bor., (about 1.5); “° Bodtis, (less than 2”), 4 Aquarii, 
(about 0.7); 7 Ophiuchi, (Jess than 0”.3); and many others 
equally close. Later Sir John Herschel used his 20-ft. front view 
reflector with equal success in measuring the close double systems 
in the southern hemisphere. [y Centauri, (about 0.6); y Coronz 
Australis, (3’’.0),etc.,etc.] Furtherevidence on this pointis found 
in the recent photographs of Roberts, Wilson, and Common, 
taken with reflectors of still larger angular aperture 7.e. 1 to 5. 
I have not had an opportunity of examining any of the original 
negatives taken with these instruments but I have measured the 
diameter of a number of the star images on the published repro- 
ductions of Robert’s photographs,* and find many of them at the 


* Celestial Photography ; by Isaac Roberts, London, 1893. 
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extreme edge of the field (more than 1° from the center) certainly 
do not exceed 5”. According to Schzeberle’s and Poor’s results 
‘“‘the dise of a star 1° from the center of the field would exceed 
half a minute in diameter.’’* 

The results obtained by the writer with various forms of spec- 
troscopes in which mirrors were used in place of the usual lenses, 
in the collimator and view (camera) telescopes also offer em- 
phatic evidence of the high efficiency of mirrors even when the 
field of view, (in this case the spectrum), is considerably extended 
and the part used quite a distance to one side of the optical axis.+ 

It will be evident I think without further discussion that the 
conclusions to which writers have been led by employing the 
methods of geometrical optics, are as incomplete, (and therefore 
untrustworthy), in this case as they have been found to be in 
others. 

Gen. Tennant, in the paper already referred to, partially inves- 
tigated the distribution in intensity in the image of a point near 
the center of the field but even his results for this one case, are in- 
complete, as he himself recognizes, on account of his neglecting to 
take into account the effect of diffraction. In a recent letter to 
me he expressed the hope that I would take up this investigation, 
but the pressure of other work in which I am now engaged has 
prohibited my undertaking it. The complete expression for the 
distribution in intensity in the monochromatic image of a point 
at any part of the focal field, is 


. . 97 2 
?=— ak j ; . sin ad (at—p—é) dx dy | (1) 


where A is the wave length of light, p the distance of any point, p, 
in the focal plane (at which the intensity is I°) from the element 
dx dy of the surface of the mirror, and « the distance of this ele- 


* This would be its maximum diameter; the minimum diameter (at right 
angles to this), would be slightly less. 

+ See papers. Report of the Smithsonian Astrophysical Observatory for 1893, 
ditto for 1894. Smithsonian Reports, Washington: ‘An Improved Form of 
Littrow Spectroscope.” Phil. Mag. July 1894, pg 137; ‘Fixed Arm Spectro- 
scopes,” ibid Oct. 1894, pg 337: “The Modern Spectroscope’’ IX, Astron. and 
Astrophysics, Dec 1894, pg 835; etc. 

« The following extract from Gen. Tennant’s letter, which I have taken the 
liberty of quoting, shows that this investigator had a clear appreciation of the 
proper method of considering the problem. He says, ‘‘ My paper to which you 
refer was written in a great measure with reference to inquiries by Dr. Common 
as to the examination of his large mirror which was then in hand: for this pur- 
pose the introduction of the physical theory would have been out of place: of the 
necessity of considering that I was convinced if the question were to go farther, 
and it was this conviction which withheld me from making any attempt to esti- 
mate the distribution of light in the image of a star out of the center of the field. 
But I think that it would be a valuable investigation, ete.” 
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ment from the incident wave surface in which the vibration is rep- 
27 

resented by cos \- at. © The integration is extended over the 

whole of the surface of the mirror. 

Let us call 67 the codrdinates of the point p (referred to the 
center of the field) and x, vy, z the codrdinates of the element 
dx dy, with reference to the same origin. Then if f denote the 
principal focal length of the mirror and m the parameter of the 
parabolic surface, we will evidently have for p 


and for ¢ 
) X J oe 
é€= x cos a+ vcos fp + (7 ) cos ) —] (3) 
‘i m1 


where a, /, y are the direction cosines of the incident wave front 
(supposed plane), and / the distance of the chosen wave front, (in 
on 
which the vibration is represented by cos -, at), from thecentral 
focal point. 
When &,”, are small and fis large theexpression for I’ is readily 
reduced to the form 


I r 2 | f fesin Cz i Vy) as dy | 
1 a fd 27é Dn? 
ee LS Seo (Cir s+ irs) var] 


which has already been investigated 

The investigation of the general integral, (1), in the case of a 
parabolic mirror is not in the opinion of the writer, of much 
practical importance, for the reason that the most useful field of 
work for reflectors is stellar spectroscopic and allied branches of 
astrophysical work, in which only the very center of the field is 
utilized+. Such an investigation however would have great 


theoretical interest and it is to be hoped that Professor Sche- 


* See Ravieigh’s Wave Theory, Enc. Brit. ‘' 24 11 and 12, also paper 
already referred to ‘General theory of Telescopic Images Astrophysical Jour- 
nal, Aug. 1897. 

+ For further remarks on this point see my pre US papers in the Astrophysi 
cal Journal, Jan. 1895, p 52, March, 1895 p 232, March, 1896, p 182-3, Feb 


1897, p 132 et 
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berle or Professor Poor* who have begun it on the lines of 
geometrical optics will complete it by the methods of physical 
optics and thus obtain for the first time complete results which 
will enable us to judge of the character as well as the mere size, 
of the images formed by a reflector at some distance from the 
optical axis. 

Owing to the concentration of the attention of opticians dur- 
ing recene years on the problem of the improvement of the refrac- 
tor the subject of the reflector has not received the general atten- 
tion that it should from either the theoretical or the practical 
side.¥ 

If one-tenth the time had been devoted to the problems arising 
in connection with the figuring, mounting and use of specula as 
has been spent on the computation and figuring of the lenses of 
refractors, the reflecting telescope would occupy a much higher 
place in the estimation of astronomers and spectroscopists, than 
it does at present. As an example of the really primatic state of 
our knowledge of the theory of the reflector, it need only be re- 
marked that it is not atall certain that the parabolic form of sur- 
face is the best for mirrors, a fact which was long ago pointed 
out by Lord Rayleigh. 

YERKES OBSERVATORY, 

Dec. 8, 1897. 


TRANSITS OF VENUS AND MERCURY. 
J. MORRISON, M.A., M.D., PH. D. 


FOR POPULAR ASTRONOMY. 

A transit of Venus or Mercury may be regarded as an annular 
eclipse of the Sun, the planet taking the place of the Moon, but 
with this difference viz: When the Moon is the eclipsing body 
the umbral penumbra covers only a small portion of the Earth’s 


* I have just received word from Professor Poor that he proposes to take up 
this investigation. See his paper, ‘‘Aberration of Parabolic Reflectors’? which 
will be published in the Feb. number of the Astrophysical Journal. 

+ In this connection it is only proper to refer to Sir Howard Grubb’s loyal 
and constant advocacy of the reflector for many years past. See particularly his 
papers ‘Great Telescopes of the Future,’’ Trans. R. Dub. Soc. New Ser. Vol. I 
Mem. 1; “On the Choice of Instruments for Stellar Photographv,’’ Mon. Not., 
Vol. 47 p. 301, April, 1887; ‘The Development of the Astronomical Telescope,”’ 
Roy. Inst., May 25th, 1894 and many others. As has been indicated before the 
writer does not agree entirely with Sir Howard as regards the problems of astro- 
nomical photography, but with respect to astrophysical work he is in entire ac- 
cord with him. 

t “Investigations in Optics with special reference to the Spectroscope.”’ § 1. 
“Resolving or Separating Power of Optical Instruments,’ Phil. Mag. Oct. 1879, 
p. 261. 
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surface, but in the case of the planet it envelops the whole Earth. 

As seen from the center of the Earth, a transit will begin and 
end when the planet is tangent to the cone which envelopes the 
Sun and has its vertex at the Earth’s centre. For the Earth gen- 
erally it begins and ends when the planet is tangent to the cone 
which envelopes the Sun and Earth. 

The formule for solar eclipses are applicable to transits but in 
(63) we must use for Venus k = 0.9975 and for Mercury k 
0.3897, and the rigorous formule (49) (50) and (51) must be 
used for the computation of a, d and g. 

As the parallaxes of both planets are very small, it will however 
be found more convenient to employ the special method of La- 
grange as herein modified and improved. 

To FIND THE TIMES OF INGRESS AND EGRESS AS SEEN FROM THE 
CENTRE OF THE EARTH. 

The elements are computed as in the case of eclipses and the 
parallaxes and semi-diameters of the bodies may beregarded as 
constant during the period of transit. 

Let S represent the centre of the Sun and V that of the planet as 
seen from the centre of the Earth, and P the north pole, then in 
the spherical triangle PSV we have PS = 90° — 6’, PV = 90°—6 
and SPV = a— a’, 


z 
Ga- 
NE 
a Sp 
go 5 
2 ge” 
Ss 
WY 
H Q 
Put SV = 4 and PSV = Q, then we have 
sin J sin O= cos 6 sin (a — a’) 
sin J cos O = sin 6 cos 0’ — cos 6 sin 0’ cos (a a’) (184) 
sin (6 — 6’) + 2 sin 0’ cos 6 sin = (a— a’) 


or since J, 0 — 6’ and (a — a’) are quite small we may substitute 


the arc for the sine and express them in seconds thus 
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4” sin Q= (a—a’)”’ cos 6 


2 sin 6’ cos 6 sin® = (a — a’) ” 
ad S7\ sr | 2 (185) 
4” cosQ = (6 — 0’)”’ 4 7) 
sd sin 1 
= (6 — 0’)” + A” suppose. 


Taking S as the origin of a system of rectangular coérdinates and 
drawing VD perpendicular to SP we shall evidently have 


4 sin Q=x=(a—a’)cosé6= VD ’ 
4sinQ=y=(6—06’) +f =SD (186) 





Now if x and y be computed for several consecutive hours preced- 
ing and following conjunction so as to include the entire dura- 
tion of the transit, their differences will furnish the hourly varia- 
tions, x’ and y’, as in the case of solar eclipses. 

Let x, and y, be the values of x and vy at an epoch T, near con- 
junction, s’ and s the semidiameters of the Sun and planet respec- 
tively and let the required time of contact for the centre of the 
Earth be T= T,+ 1, for which date 4 = s’ + s, the upper sign for 
external and the lower for internal contact, then we shall have 


(s’ + s)sin Q—x,+x’t 
(es = s) cos O=y,+ y’t 
Put msn Vx, n sin N= x’ 
mcos Al = y,, ncosN= y’ (187) 
then , 
(s’ +s) sin Q=msin J+ nsin N. 7 
(s’ + s) cosO = mcos Al + ncosN. 7 
which solved in the usual way give 
. m sin (\J — N) 
sin yb = sj 
cts 
io" 3 8) m , 
‘== cos 7: — cos (AJ — N) 
1 nl (188) 
O=—=N+Yyr 
and T=T,+T 


To FIND THE TIMES OF INGRESS AND EGRESS FOR A GIVEN PLACE 
ON THE EARTH’S SURFACE. 


For the date T just found compute from the ephemeris the R.A. 
and Decl. of the Sun and planet and the values of x and y by 
(186), then the first of (187) will become 


msin M= x 
ncos M=y (189) 
whence m’ = x?*+ y?=(s’ +s)? 
or nm (6 =e 
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Let 7’ denote the time of ingress or egress forza given place 
whose zenith is Z, then T’ — T is the retardation or acceleration 
due to parallax and since T’ can differ from T by only a few min- 
utes, we may regard m as varying uniformly. 

At the time T, the geocentric distance = m = s’ + s and at the 
time T’ the apparent distance is also = s’ + s, but at this latter 
date the geocentric distance has become 
dm 


m+ (T’ — T) (190) 
dt 


, 
m 


dm , ; ‘ — 
where It the change of m in a unit of time. 
tf 


Differentiating (189) we have 


Im . 1M d: ‘ , . 
an sin M+ mcos uM‘ - x nsin N 
dt dt dt 
1 : 1M ly P : 
=— cos M — m sin M‘ = 1 ncos A by (187) 
dt dt dt . ; 
] 
whence = ncos (M N) 
dt 


which substituted in (190) gives 
m’ — m= (T— T)ncos (M N) i T) ncos (191) 


because at the date T, M — N= + by the first of (188) 
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If atthe time of geocentric contact T,the observer were instant- 


ly transferred to a point on the surface whose zenith is Z, the 
bodies would be depressed by parallax to S’ and V’ respectively 
and the distance SV = m= s’=+ s would become S’V’ = m’ and 
we must now express m’ — m in terms of known quantities. Let 
the true zenith distances of the Sun and planet be denoted by 2’ 
and z respectively then SS’ pz’ sinz’ and VV’ = pz sin z ap- 
proximately and the spherical triangle ZSV gives 
cos VS=cos ZV cos ZS + sin ZV sin ZS cos Z 
or cos m= cos zcos z’ + sin zsin z’ cos{Z 
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Differentiating, the angle Z being constant, we get 


sin mdm = (cos z sin z’ — sin z cos Zz cos Z) dz’ 
+ (sin z cos z’ — cos zsin z cos Z) dz 
= sin mcos S dz’ + sin mcos V dz 
or dm = cos S dz’ + cos V dz 





Now for the differentials dm, dz’ and dz we may without appre- 
ciable error, substitute the small increments m’ — m, p7’ sin Zz 
and p7 sin z respectively, therefore the last equation becomes 

m’ — m= p7’ sin z’ cos S+ pz sin zcos V (192) 


From the triangle ZSV we have 





cos z— cos z’cos m+ sin m sin z’ cos S 


: : 193 
cos z’ = cos zcos m + sin m sin z cos V ( ) 





Eliminating sin z’ cos S and sin z cos V between (192) and (193) 
we have 


m’ — m = ——— (7’ cosz— 7’ cos z’ cos m 
sin m 


+2cosz’—2coszcosm) (194) 
Now if h’ and h denote the hour angles ZPS and ZPV of theSun 


and planet respectively we shall have from the triangles ZPS and 
ZPV 


cos z= sin g’ sin 6 + cos @’ cos 6 cos h 

cos z’ = sin gy’ sin 6’ + cos g’ cos 6’ cos h’ 
and substituting these values of cos z and cos z’ in (194) we find 
after putting cos m= 1 and writing m for sin m which can be 
done without appreciable error, 

m— 2’ ( 

m — m= — “wah Ls sin gy’ (sin 6’ — sin 0) 

I ; 

+ pcos @ (cos 6’ cos h’ — cos 6 cos h) (195) 


Let « be the sidereal time at the first meridian (Greenwich) for 
the date T, then the hour angles of the Sun and planet at that 
meridian will be “~—a’ and “«— a respectively, and the hour angles 
for any other place whose longitude is A will be «— a’ —A = fh’ 
and «— a—A = hbut bh’ and fA are very nearly equal, their dif- 
ference being a — a’ which is, in this case, always quite small, we 
may therefore use without sensible error the mean value viz: 

, , 
1 (h’+h) =(u¢— ee 4) = @ —A, that is for cos h’ 


st 


and cos h we may write cos (G — A) in (195) and we have 
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ma | ‘ : , an 
ar — m =—— — ) psin gy’ (sin 6’ — sin 6) 





. ~ / 
+ pcos g’ (cos 6’—cos 6) cos (G —A) 


Substituting this value of m’ — nin (191) and solving for T’ we 
have after some slight reductions 


io: , 
2 @ (27 — 7’) sin = (6’ — 9d) 


i 4 2 , ' a . 
a: = 7 + ) psin g’ cos — (6’ + 6) 


(s’ = s) ncos | 2 
Ps 1 4 . 7 | oe 
— pcos 7 sin = (0" + 6) cos (G6 —A) (196) 


where @ 3600, to reduce the terms to seconds and 


So — Ut (a’ + a) 


The angle Q found from (188) is the position angle or the angu- 
lar distance of the point of contact measured on the Sun’s limb 
from the north point towards the east, and is nearly constant for 
all places on the Earth. 


Disks OF MERCURY AND VENUS 
The quantities referring to the disk and tabulated forevery fifth 
day in the American Ephemeries, are defined on the same page. 
The formulae for their computation are easily deauced as follows: 


* It was my intention to omit the formule for the disks of Venus and Mer- 


cury but when I recollected that they proved too difficult for a Professor of 
Mathematics in the U. S. Navy, I decided to develop them although extremely 
simple. Some seven vears ago Professor W. W. Hendrickson who had been fot 
over 17 years Professor of Mathematics at the Naval Academy, Annapolis, and 
the head of the mathematical department at that, was assigned to the Nautical 
Almanac office. He was de facto Superintendent of the office, acting ax such in 
the absence of the actual Superintendent and succeeded for a while that official 
on his retirement last March. Professor H. being desirous of checking these 
quantities asked me for the formule which I did not then have already prepared, 
but I told him they were verv easily deduced and that | always derived them 
de novo whenever I wanted them. This answer gave offense although none was 
intended. Failing in his attempts to deduce them with all the data in the office at 
his disposal, he was obliged to write to the regular computer, Mr. Austin of Salt 


Lake Citv, foracopv ot them. At the investigation of the Nautical Almanac of 
fice held in July, 1893, he admitted under oath among other things that he was 
unable to deduce the formula, was not an astronomer, knew little or nothing 
about astronomy, never wrote a paver orm ide auy observations or researches 
in the science and that his only astronomical achievement up to that time, was 
the calculation of the Sun’s Ro A. and Necl. from having given the obliquity an 
longitude, but even then he did not know how to take care of the Sun’s latituds 
This testimony, with much more of the same tenor, is on file in the Navy Dep't 
It was the most astounding admission of ignorance and incompetency on 
the part of a Professor of Mathematics that ever came under my notice He has 
recently been ordered back to Annapolis to assist the cadets in crossing the 


‘pons asinorum”’ and other similar feats |. M. 
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To Finn k, THE RATIO OF THE ILLUMINATED TO THE ENTIRE DISK. 


Let S, Zand V be the centres of the Sun, Earth and planet re- 
. spectively, then VS is perpendicular to the plane 
4 of the circle ACBF which separates the illum- 
/ 4| ined from the unillumined portion of the planet, 
| and EV is perpendicular to the plane of AHB, 
| therefore the angle CVH = the angle GVS 
| E+s. 
| The semi-circle ACB when projected on the 
| plane AHB will be the semi-ellipse ADB and 
g AHBDA is the illuminated part of the disk as 
| seen from the Earth. 





Let a = the semi-diameter of the planet seen 
from E then a cos(S + E£) = the semi-axis minor 
of the ellipse. 


i ” ‘ ! “ . . . 
\ 5 a7 cos (S+ E) = area of semi-ellipse ADB, 
\ - . — 
\ 5 an = area of the semi-circle AHB 
; 1 ata (1—cos (S+ E) ) = area of the lune or 
©) 
| 2 
* crescent AHBDA 
and a’z = area of the whole disk 
, a’a (1 —cos (S+ £)) 
therefore k=-= 
aa 
1 i ite ° 
= 5 (1—cos (S+E)) (197) 


= - (1 + cos 1) 





ae ; a 
= cos? = &, where i= angle EVS 


— 


To FIND i, WHICH MAY BE CALLED THE PARALLACTIC ANGLE. 


The Ephemeris gives for every Greenwich mean noon the log- 
arithms of R, rand 4, the three sides of the plane triangle EVS 
and with these data we have 


cos 5 i= \ = =) where s = : (2 + e+ 4) (198) 
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To FIND §, THE ANGLE WHICH THE LINE JOINING THE CUSPS 
MAKES WITH THE MERIDIAN 


Let P be the north pole, S, the Sun, V, the planet and AVB the 
line joining the cusps, then 4 AVP. The angle SPV=a ew . 
the difference of right ascension, PS = 90 6’, PV = 90 6 
and put VS = 4 then we have 


S, Go . 
/ 
4} —; 
90~6 
| “Ae 
B + 4 A 
Vv 
sin J cos V sin 0’ cos 6 cos 0’ sin 0 cos (a a’) 
sin J sin V cos 0’ sin t a’) 
Put h sin H LOS 3’ COs (a v’) 
. , - ° COS (Qa - a’) 
h cos H = sin 6 that is tan H 
tan oO 


then the above become 


sin Jd cos V= heos (6 + A) oC 
sin J sin | cos 0’ sin (a a (199) 
,__ sin H tan(a 
whence tan | (200) 
COs (9 H 
and 4= 90° — V (+ 360° if necessary ) (201) 


@ being reckoned from 0° to 360 
The quadrant in which V must be taken is determined by (199), 
h and sin 4 being of course always positive 


To Finn L 


Let a = the geocentric semidiameter in seconds of ar« 
d = the geocentric distance of the planet 
then 7d° sin’ a the area of the disk at distance 
tkd? sin? a the area of the visible disk or crescent at same 
distance 
and 7z sin? 1” the area of a disk of radius 1” at distance 1 


the unit of light 


Now since the intensity of light varies inversely as the square of 


distance we have 


I 


Units of light received on crescent 
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: : : ? k sin? 4 
and therefore units of light received at distance d = -, —,—,, 
P rein’ i 
ka’”? 
or L=—, (202) 
r 


where a and rare given in the ephemeris. 


ON NEWTON’S LAW OF GRAVITATION. 
PROFESSOR H. SEELIGER. 


FoR POPULAR ASTRONOMY. 
It is also permissible to bring forward a second example for the 
case of aconstant 6. We have, by (2); 
7 


7 v7 
d¢ P' (cos y) sin y (R, — R,)dy. 


‘ » 2 =. ‘ R, 
Z, = 20 f d¢ j P* (cos y) sin y log ( . Jay. 
é e 0 e v RK, 
If we assume here, for the law of increase of R, that m is a 
magnitude passing gradually to infinity and a a number greater 
than 1% and further that, 


log R —=am-+ mP? (cos y), 
We shall have; 
_ . am ae m 3 cos y—1 
X, — 276 Re ; { sinycosy.e (2 tai ) .dy=0 
e 
‘ 870 
and Z, = —— m. 
¥/ ~ 


That is, X, remains equal to zero and the stress becomes in- 
finite with m. 

Other examples may without difficulty, be selected, in which 6 
is a different function of the place of the point. There can there. 
fore, be no doubt, that the disclosed contradictions must remain 
for every possible and conceivable distribution of matter, if only 
6 possess the property emphasized, of having within infinitely 
great regions of space, finite values different from zero. 

Light may of course, be thrown upon the unavoidable contra- 
dictions from various directions. They admit also of representa- 
tion in another form, This will not be done here however, but 
we shall now draw an inference from the fundamental principles 
of the theory of the potential. 
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Throughout all regions of space the potential V, fulfills the con- 

dition: 
2 277 217 

In conformity with the customary mode of thinking, let us im- 
agine the universe filled with isolated, non-homogeneous bodies 
m,,™,,™M,, . . . Mn, etc., with densities 6,,6,,.. .. ete., while 
at the same time the 6’s are to fulfill certain conditions of con. 
tinuity and moreover, the surfaces of the bodies must not possess 
certain singularities mentioned in the theory of the potential, 
since (3) and also Green’s theorem are to be applied. We have 


then 4V = — 476, within the mass m,, and without the masses 
ay =9. 

If the elements of volume be designated by dr,,dr,, . . .. ., the 
superficia! elements by ds,, ds,, . . . . . the normal to the surfaces 
of the bodies m,, m,, m,, .. . . directed inward by n, n,, n, 
Green’s theorem gives, 

(4V. dr, a c= . os, — 47. (daz -~ 47m 
; J da, : 
(4. dr — ee ds —47 (° daz 47m.,. 
L J dn ; 


If we consider an arbitrary, though closed surface F, including 


the masses m1,,m,, ..... Mn, We have, 
-dV »- dV 
47(m,+m+...+m ) | ds, + + | ds, 
dn ‘ dn, 

If now, Green’s theorem be applied to the space enclosed by F, 
and the surfaces of the masses m,, ™,, . . my, Within which 
V = 0, the last equation may be written thus 

»~dV 
| ds 4.7 (m, + m,-+ + m 
dn 


‘ ; , — oY 
Designating thearithmetical mean of aJl the s over the sur- 


dtl 
Rs: (dV ; ’ ; 
face S, of Fby M { ), where also S | Is, we obtain 
; \dn ; 
dV La (m m 
M ( ) 
dn Ss 
In reading equation (3) and those following consider dV and d*V, with de 
nominators as expressions for purtial differentiation. We have been unable to se- 


cure the usual type in time for use in this article. 
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If we imagine all the matter in the space R, which F comprises, 
whose volume is denoted by R, uniformly distributed, so as to 
have the uniform density 6,; where 

Ro,.=m, +... + Gis. 


we may then write the last equation thus: 


M (S. ) = 400..." 
dn 


sy increasing R, the right side of this equation may be made as 
great as we please. There must then, be indefinitely large values 


ee .d\ , ; 
among the individual values of In’ According to the theory of 
dn ‘ 


the potential, consequently, infinitely great accelerations must oc- 
cur in the universe, and this would be true with any conceivable 
mode of mass-distribution whatever. There would therefore, re- 
sult motions which, starting from finite velocities, would lead 
within a finite time, to infinite velocities. This conclusion con- 
tains within itself either an absurdity, or a direct contravention 
of the theory of mechanics. 

It seems that such doubts concerning the absolute correctness 
of the Newtonian law as those adduced here are always received 
with suspicion ard distrust, even though it is impossible to pro- 
duce anything demonstrable against them. Probably the reason 
for this is to be attributed in part, at least, to the difficulty with 
which people make clear to their minds that Newton’s formula, 
despite its unbounded success in explaining astronomical facts, is 
and can be nothing more than an empirical law. That it corres- 
ponds with anextremely high degree of approximation to actually 
observed relationships, certainly no one doubts. Experience can 
however, say nothing more than this, and, thus far, it has not 
said this with anything like the degree of certainty very gener- 
ally ascribed to it. 

The above mentioned absurdities disappear on the introduction 
of arbitrarily small, though finite, corrections to Newton’s law, 
which need become appreciable only when vastly extended re- 
gions of space are considered. It follows then, that the claim for 
these corrections needs in no wise, to be legitimized by the results 
of observation within so small a part of space as the planetary 
system occupies, for within even vastly more extended regions, 
the Newtonian law might satisfy the most accurate obser- 
vations possible. Beyond the planetary system the results of ob- 
servation do not at all suffice as yet to confirm with certainty 
any deviations from this law. 
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Though highly probable, it is far from self-evident, that the 
forces of attraction follow the same law in all places throughout 
the universe. In the present state of science we can only suspect 
with some slight degree of justification that the motions of dou- 
ble stars, for example, are governed by Newton’s law in precisely 
the same way as are the planets. But the degree of closeness, 
with which known double star motions have confirmed this sus- 
picion is after all quite small. As I have repeatedly and emphati- 
cally said, we can only say, that in the double star systems, New- 
ton’s law has only in a broadly general way been established. 
Concerning possible small corrections, which, within our plane- 
tary system, would occasion the most intolerable discordances 
between theory and observation, the relatively inexact double 
star measures would be wholly non-committal. As to the valid- 
ity asa rigorously exact formula, of the Newtonian law through- 
out the vast regions of interstellar space, there does not as yet 
exist any experimental knowledge whatever 

We can therefore, derive from experience absolutely nothing 
concerning the inadmissability of a correction to Newton’s law, 
because even within our planetary system, this correction does 
not exceed an assignable magnitude. It nevertheless seems, that 
many would ascribe to the law of gravitation the property of an 
a priori result of cognition. The Newtonian formula has indeed, 
been said by some to be necessarily connected with our idea of 
space and even, to follow logically from it. Such notions are 
simply inconceivable to unbiased consideration. In point of fact, 
a law of force has absolutely no other condition to fulfill than to 
be a sufficiently exact and hence, at best, only an approximate 
representation of the observed motions. This aggregation of 
facts into a formula is subject only to the self-evident limitation 
that no inconsistencies may result from it. 

But, since the Newtonian law is nothing more than a formula, 
derived purely empirically, which, within narrowly limited por- 
tions of space, furnishes a high degree of approximation to the 
facts of observation, any other formula, which does the same ser- 
vice may replace it, in case this substitution is recommended by 
other scientific considerations 

From the foregoing explanation, it follows that a correction to 
Newton’s law is at any rate, desirable even for the reason that if 
this correction be made, one escapes the danger of erroneous 
metaphysical considerations, touching the finity, or infinity of 
matter. But this correction seems absolutely necessary, if the 
assumption be made that cosmic matter is unlimited. This lat- 
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ter opinion is for many persons self-evident, for others of course, 
itis not. In my opinion, however, this matter can be decided by 
observation, neither now, nor in the future, though attempts 
have been frequently made. Even the hypothesis of an absorp- 
tion of light in interstellar space, plausible as it is in itself, de- 
stroys the hope of ever being able to see luminous bodies beyond 
certain limited distances. In case interstellar space is strewn 
with numerous non-luminous bodies, perspective occultations, as 
also the absorption of light by extensive nebulous areas, which, 
according to recent observations seem to surround us every- 
where, would very much restrict the portion of space accessible 
to our optical instrument. Direct vision throughout an infinite 
space is wholly out of the question. Moreover, in the above dis- 
cussion it is not merely a question of those masses which during 
a few thousand years happen to be in such condition as to make 
possible the emission of rays, whose wave-lengths are included 
within close limits. Masses in widely different conditions are to 
be entered into the account. That luminosity is not an essential 
attribute of cosmic matter is a self-evident fact; but it is also 
proved by experience. Gravitation must, on the contrary, be re- 
garded as essential to matter if we dare not question its uni- 
versal validity, a priori. This point will he more completely dis- 
cussed in the next section. 

The inconsistencies to which Newton’s law leads, disappear 
however, for any law of the potential for which the integrals oc- 
curring in (1) have a meaning and similarly, if 6 has finite values 
everywhere throughout space. Such laws evidently exist in am- 
ple numbers and no conclusion at all concerning the corrections 
the law must undergo, could then be drawn from the foregoing 
considerations. Carl Neumann has investigated this in relation 
to the electrostatic forces, in the question of the theory of forces 
operating over distances, and although the results of his investi- 
gations are not in their unmodified form, applicable to the phe- 
nomena of gravitation, yet the close analogiesin other respects, of 
these two species of force, make the thorough-going investigation 
of Neumann, of highest significance to the present discussion. 

Neumann proposes, in another place, the dificult problem of 
finding those laws of force, which permit of a condition of equi- 
librium of electrical matter, distributed over conductors of any 
sort whatever. He finds that unambiguous conditions of equi- 
librium, whose existence is regarded as demonstrable experimen- 
tally, occur, when the potential of the attractive and the repul- 
sive forces in operation, are given by the formula, 
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— © —A 

(4) fm= Ae r , Be J 

r r 

Where the A’s are positive and the constants A, B, C, etc. all 
have the same signs. 

We see immediately, that this law of the potential removes the 
aforesaid difficulties, whenever the A’s have finite, though ever so 
small values, for the expressions (I), represent in this case, finite 
and determinate magnitudes. In the limiting case, where the as- 
sumption is made of an infinitely great number of terms, of such 
form as to make the right side of (4) a definite integral, the law 
of the potential is then represented thus: 


(5) f(r) = 


This law has been thoroughly investigated by Green and ap- 
plied to electrostatic problems. It is of astronomical interest 
only when A is an extremely small proper fraction. According to 
formula (1), it does not remove the difficulties mentioned, for V, 
and X, are generally, defined by meaningless expressions in case 
6 is finite, while, of course, Z, preserves a finite value. For this 
reason, this law must be set aside as furnishing no advantage 
over the law of Newton. 

Even as long ago as the time of Newton, it was known that 
formula (5) produces secular motions in the perihelia of plane- 
tary orbits and hence, it is but natural to expect that by an ap- 
propriate choice of A, the well-known anomaly ir the perihelion 
motion of Mercury’s orbit, might be explained. Consequently, 
Mr. A. Hall* has recently proposed this law (A = 0.00000016) 
and Newcomb? declares this proposal to be plausible. For the 
reasons adduced in the foregoing, I am unable to concur in this 
view. 

I have myself= given the formula 


mm’ .e~* 


6 
(6) _ 
for the attraction between the two masses mand m’, as an ex- 
ample of a law of distance-forces, which removes the objections 
mentioned above. 

As was expressly stated, when this formula was given, it was 
not intended as a correction to be actually applied to the New. 

* Ast. Jour. No. 327. 


+ The Elements of the four inner Planets. Washington ’95. 
t A. N. No. 3273. 
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tonian law. It was only cited as an example, which would cor- 
respond to the analogy between the propagation of light and 
gravitation. This formula was moreover, mentioned by Laplace* 
who likewise offered it as a supplement to the theory of the prop- 
agation of light in absorbing media. That integrals (I) have 
a meaning for this form is readily apparent. 

Whether the formula (4) or (6) is fitted to displace the law of 
Newton cannot, at present, be decided with generality. In the 
solar system, with some isolated exceptions, Newton’s law has 
demonstrated its capability to explain the movements, even in 
detail. Among these exceptions, the peculiarity of Mercury’s 
perihelion motion, is to be classed. Formule (4), (5) and (6) all 
give a motion whose magnitude is easily calculated. The con- 
stants in these formulz, are to be assumed small a priori. Put- 
ting now, for brevity, k* (1+ m) = » where k is the Gaussian 
constant, m the mass of the planet and 1 is the solar mass, we 
must assume in formula (4) of Neumann 


e=At+Bt+...; pA? =— AA? + BAZ + 
and we then obtain for the component, acting in the direction of 
the radius vector, with sufficient accuracy, 


R= 2. 


Green’s formula (5) gives for R 
7 at 
R=-(1-—r ) 
73 
and finally, Laplace’s formula (6) furnishes 
r 
- 


k=, 


The variations of the elliptic orbital elements; e, the eccentric- 
ity ; a, the semi-major axis; x, the longitude of perihelion, are 


de _Rr'sinv 1 da_2eRrsinv dy__ Rr’sinv 


=. — = coon , 

dv iT a dv u(1—e’*) dv MM 
introducing the true anomaly instead of the time as independent 
variable. Secular terms arise only in y. An extremely simple 
computation gives for the secular change, for the time Jt. if we 
retain only the first power of e, and put dv=n. Jt, 

. . \Pa*n At 
for Neumann’s formula: 4x=-,- 4t= + Va- 


* Mechanique Celeste t. V. Livre XVI Chap. IV. 
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— — An , ve | 

for Green’s formula: = 4=-— . St 

; — Aan , Lp 1 

for Laplace’s formula: ~— 4 Jt. 


The secular changes for the perihelion are then, for the single 
planets, according to 
Neumann’s formula proportional to ya, 


, 1) 
Green’s formula proportional to ( ) ' 
Va 


Laplace’s formula proportional to 
Va 
If we put Jy equals 40” per century for Mercury, which is the 
unexplained part of the perihelion motion of this planet, we find 
for 


Neumann Green Laplace Newcomb 
Venus BS 16” 29 id 37 
Earth 64 10 25 6 & 
Mars 19 3 20 S j 


In the column under ‘‘ Newcomb,” are set those values of the 


perihelion motions, in addition to their mean errors, which New- 
comb has derived empirically from observations, and which are 
not explained by theory. These empirical corrections are cer- 
tainly not to be explained by Neumann’s formula, hardly by La- 
place’s, but surprisingly well by Green’s. Nevertheless, it must 
be considered accidental, that Green’s formula corresponds to the 
observations so closely. The objections to this formula are to 
my mind, of greater weight than can be ascribed to the agree- 
ment of the above cited numerical values. The anomalous peri- 
helion motion of Mars, which is chiefly instrumental in the de- 
cision, does not seem to be any better confirmed, than other 
numerical values found by Newcomb; for example, that for the 
motion of the node of Venus’ orbit, which it is w holly impossible 
to represent by a modification of the law of attraction. It is 
then, not improbable, that the motion of the perihelia of Mer- 
cury, of Mars, ete. may find their explanation in quite different 
and more simple causes than these. In this event, no indication 
as to the proper clew to theexplanation would exist in the plane- 
tary system, to point to the necessity of a correction to the law 
of Newton. Since however, the necessity for an unlimited appli- 
cation of Newton’s law is proved in the foregoing, this only sig- 
nifies that the planetary system is not sufficiently extended to 
decide the question under consideration. 
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PLANET NOTES FOR FEBRUARY. 
H. C. WILSON. 


Mercury is a morning planet just past greatest western elongation, and may 
be seen toward the southeast about an hour before sunrise. None of the stars in 
Sagittarius, through which constellation Mercury is moving eastward, are as 
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THE CONSTELLATIONS AT 9 P. M., FEBRUARY 1, 1898. 


bright as the planet so there need be no uncertainty as to which is the planet. On 
Feb. 11 at noon Mercury will pass close by Mars; at the time of conjunction in 
right ascension the planets will be less than 1’ apart in declination. Mercury will 
be the northernmost and the brighter of the two. 







WEST HORIZON 








Planet Tables. 


Venus will be at superior conjunction, 7. e. on the farther 
in line with the Earth, on February 15. The planet is ther 
tion for observation, but it may be of interest to some to see | 


they can follow the planet, first with the naked eye then with 


Mars is not in favorable position for obser 


ation but it will be of in 
note the relative pusitions, brightness and colors, of M vy and Mar 
morning of February 11. Possibly some may be able with telescopes t 
the two planets when they are nearest together, a little ! nt 
Jupiter will be near the meridian about three o’ the 
February. The planet is but a little south of the equ his al 
quite favorable to good viewing. Jupiter is retrog1 A Vi 
famous double star Gamma. His light is intensely br ul s R 
of any of the stars in the vicinity. 
Saturn does not reach the meridian until betwee 1 eiv 
the morning, but moderately early risers may obta vs of this 
planet, which is to be seen toward the southeast n ft S i 
The golden color of Saturn centrasts finely with the of Ant 
thus adds to the beauty as well as to the rilli s 
rings of Saturn are opened to nearly their greatest w , 
Earth above the plane of the rings being about 26 S OS 
Uranus 1s also in Scorpio, about 1° east and 1° s s B 
move slowly eastward during this month. Uranus 
west from the Sun, on February 21 
Neptune is now in the most convenien Siti S t ‘ 
the meridian at eight o'clock in the evening, ) 6 
planet is about 4° west of the star Zeta Tauri ane 
rectly west of the star Omicron and 1 istant from t tter 
brighter than many of the telescopic stars the ! 
with difficulty, unless one uses a telescope with suff é 
of the planet. Anyone may find it with a small tel n 
charts of the stars in the vicinity on two or t ec 
Sunspots.—The sunspot minimum still refuses ( tsel 
Several notable outbursts have occurred ¢ ing the , 
January good sized spots were visible on every date ‘ eS was 
at Northfield. On Jan i there were four groups, ¢ ich o ee " 7 
a large spot. Again on Jan. 21 five groups were noted taining st 
spots in all, not counting very minute umbra. 
Occultations Visible at Washington. 
IMMERSION RSION 
Date Star's Magni Washing Ang i“ Ar 
1898 Name tude ton M.7 f'm N f t 
h m h 
Feb. , o? Cancri 4.0 10 43 116 12 Y 307 
5 o' Cancri 5.7 11 21 189 11 S3 Zoe 
6 10 Sextantis 6.0 18 4 107 19 9 807 
7 34 Sextantis 6.7 17 30 94 18 27 326 
13 A? Scorpii 5.2 13 44 104 14 8 OG 
13 3 Scorpu 6.7 14 15 67 15 4 3 
25 26 Arietis 6.0 7 44 84 8 56 50 
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The Moon. 

Phases. Rises. Sets. 

(Central Standard time at Northfield; 
zocal Time 13m less ) 





h m h m 
a Se Ba 5 44 p.m. 7 SSa.m. 
DS RAE QUATRE iin sscciccsscees 12 55a.M. 10 5&5 * 
20 New Moon...... : ae * 6 3P.M. 
28 First Quarter 9 44 “ 1 57a.M. 


VARIABLE STARS. 
J. A. PARKHURST. 


Minima of the Variable Stars of the Algol Type. 


[Given to the nearest hour in Greenwich Mean Time.] 


1898. 

U CEPHEI. R CANIS Mayjoris. 6 LIBRAE Cont. W DELPHINI. 
1 h d h 
1 h d 1 ’ ; id 
ge ‘io Every 8th mln. Mar. 22 12 Mar. aa 16 
Mar. ~ 20 P—14343 o4 20 zi 20 

7 re Mar. 2 15 29 11 Y CYGNI. 

. 10617 31 19 Even minims 
10 - 1 i 3 c Sven minima. 
12 19 — ee Mar. 0 15 
15 7 29 ee U CORON E. 3 15 
‘ 19 S CANCRI Mar. 9 23 - 3 
20 7 oe 16 20 2 SS 
22 18 Mar. 15 10 30 16 12 15 
ai 18 15 15 
kil iii 18 15 
S VELORUM. U OPHIUCHI. o ‘5 
ALGOL. Mar. ; + “0 pe ‘-. - = 
13 iS sili 30 14 

‘ Mar. 2 16 

Mar. 4 9 an 4 1 1 Odd minima. 
is 1% 31 8 19 «10 Mar. 1 17 
eS. 2 7 27-20 L 17 
- 6 LIBRAE 7 16 
- RS SAGI! TARI 10 16 
Mar. 1 13 13 16 
ae 3 21 Mar. 2 13 16 16 
A TAURI. s 13 L 22 19 16 
10 20 14 14 22 16 
Mar. 26 16 15 12 21 20 25 16 
30 15 17 20 26 16 28 16 
31 16 


Y CYGNI. Since the above ephemeris was printed Duner has given a set of 
revised elements in Astronomische Nachrichten, No. 3467, according to which the 
even minima occur 0.8 hours earlier in March and the odd, 1.5 hours later. 


The following ephemeris of Long Period Variables, taken from the Astronomi- 
cal Journal No, 420, differs in two particulars from those previouslygiven. In the 
column headed ** Mag.” is given the expected magnitude of the star at the phase 
indicated. This will be a great help in selecting an observing list for the aperture 
available. In the second place the dates are left vacant for many of the minima, 
which are expected to occur some time during the month. As it is of especial im- 
portance that as many minima as possible should be observed, these approximate 
times will be of assistance in arranging an observing list. 











4.01 

434 

976 
1386 
1582 
1855 
1894 
2258 
4511 
5338 
5494 
5593 
5776 
5902 
5955 
6132 
6207 
7TOS5 
7252 
7404 
7455 
7733 
7909 


1850 
2100 
2625 
2815 
2976 
3264 
$4.92 
1521 
£596 
5095 


-n907 
5237 


6608 
6894 


6905 


943 





PPM 1-1 


* The above minimum of 678 U Persei is given in Ch: 
typographical error, as 678 U Piscium. 


Maxima and 


(From Dr. S. 


MAXIMA. 
Mag. 


U Sculptoris 
S Piscium 


r Arietis 
T Eridani 
S Tauri 


R Aurigz 

T Columbz 
V Aurigze 

T Ursz Maj. 
U Bootis 

S Libree 

W Libre 

X Scorpii 

Y Scorpti 

R Draconis 
R Ophiuchi 

Z Ophiuchi 
RT Cygni 

W Capricorni 
R Microscopii 
U Capricorni 
Y Capricorni 
S Piscis aus. 


MAXIMA. 


S Pictoris 

U Orionis 

V Geminorum 
U Geminorum 
V Cancri 

W Cancri 

Y Virginis 

R Virginis 

U Virginis 

R Centauri 

R Bootis 

S Lupi 

S Coron 
RV Sagittarii 
S Lyra 

R Sagittaris 
T Sagitta 
RR Sagittariti 
S Cvyeni 

W Agquarii 

V Capricorni 
U Aquarii 

S Aquarii 

V Ceti 
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VOI 
Minima of Long Period Variables. 
1898. 
C. Chandler’s ephemeris in Ast. Jour. No 420 
MINIMA. 
Feb. Mag Feb 
8.5 19 62 S Sculptoris 10 — 
8.5 10 112 R Andromedz 13 27: 
8 5 715 § Arietis 14 24 
7 25 782. R Arietis 12 2 
9.5 28 1717 = V Tauri 13 2 
"4 27 1981 S Camelop. 11 10 
25 13 2266 V Monovocerotis 11 - 
9 2583 Le Puppis 6 3 
- 7 sind T Hydra 13 
95 3 3477 RK Leonis min 13 23 
8 15 3994 S Leonis 13 2 
10 2] $1315 R Coma 13 ~ 
1() 3 1377 T Virginis 12 
10 9 1940 W Hydra S 
7.5 R 9 x7 tR Virgit S 14 
7.5 18 644 Z Libra 13 - 
8 9 9831 NS i 13 
7 15 931 S 0 13 
10.5 10 6170 RWS 14 
8 292 7659 T Capri 1 13.5 23 
10.5 15 
10.5 1 
9 19 
M1 I MIA 
Mag Mar ee Mat 
8.5 19 L66 Pis 15 o6 
7 OR 659 X Cassiopea 12 20 
85 29 678 U Perse 11.5 16 
9.3 29 893 U Ce 12 3 
q 15 1222 R Pers 13 
9.5 12 1771 R Le S 8.5 
8.5 1 2478 I . 13 30) 
; & 9530 V« n 13 
8 21 684 S( 1 11 11 
6 14 3244 SI is 11 
7 13 3493 RL 10 26 
95 12 i 7 » 4 9 : 
7 R L816 Ss lé —_ 
& 2G 5190 I ( 12.5 28 
g 31 0430 TI 14 25 
7.5 19 576 . 12 
85 13 77 kK He 13 
1.5 19 6512 TH 11 21 
10 19 6900 W Aau 11 
XS 5 6903 T Sagit ril 11 
9 17 7242 SA la 11 15 
95 12 7260 Z Aquila 11 
8.5 31 8068 S Lacerta 12 31 
9 27 7560 R\ id 14 


r's ephemeris, by a 














Variable Stars. 


NOTES 


ANDERSON’S VARIABLE IN COMA, R. A. 12" 23™ 18, Decl. + 32° 18’ 19” 
(1855) which was charted in the September number, page 270, has changed 


enough to make its variability certain. 


3, to 9.5 mag. Dec. 31. 


In Astronomical Journal No. 
Canum Venaticorum, by Dr. Chandler. 


lations Coma and Canes. 
THREE NEW VARIABLES 














It increased from 11.7 mag. 1897 Sept. 


124 this star is given the designation 4471 T 
It lies near the boundary of the constel- 


DISCOVERED BY AX DERSON. In Astronom- 


ische Nachrichten Nos. 3461 and 3463 he announces the variability of the stars: 
DM. + 30°,1329 R.A. 6° 37™ 650° Decl. + 30° 237.2 (1855) 
DM. + 67 ,1124 19 9 54 +6; 2.4 “ 
Anon. 19 3i 10 +11 23 a 
itil Satine in twee, The second star is in the constellation 
Amebz uae, 199754" 467%2°4. | Draco, 12 degree south preceding the third mag. 
dcak of the din nitude star 6 Draconis, making it very easy to 
a. Ln : - ee find and identify. Its cireumpolar position 
° | " renders its observation possible throughout 
ie se re the year. A small chart is therefore given of 
‘ the region, onthe scale of the Durchmusterung, 
7 ¢ as showing in addition to the DM stars, the stars 
.« b (9.7 mag. according to Anderson) and e, only 
ake oo . FG? the former being lettered on the chart. Nov. 
s ee \e , 26,1897, Anderson found the variable 0.3 mag. 
. Fe l. “ brizhter than b. Jan. 4 and 5 I found it 0.3 
‘ | 7 or 0.4 mag. fainter than b. The co-ordinates 
ad ics and magnitudes of a few of the comparison 
_ i 2 166° Stars are as follows: 
Co-or. from the variable. Co-or. from the variable. 
R.A Decl Mag R.A. : Decl. Mag. 
s s 
e—60 —5.9 3.4 11 d—14 —1.4 t+ 14 11 
a-—51 —5.0 9.2 7.9 b+60 + 5.9 7.0 9.7 
40 —3.9 8.3 11 gt+54 454 4144 9&8 
U GEMINORUM. Thanks to the industry of Messrs. Sperra and Daniel, we 


have a fair determination of the 


November maximum. Their observed magni- 


tudes are as follows, in Greenwich time: 


Gr. Time. 
1897 Nov. 21.97 


The maximum evidently occurred about Nov. 24. 


mum observed in 1897. 
year. 


Mag. 

12 D 
23.97 9.9 S 
24.64 9.2 D 
27.73 10.1 D 
27.97 9.9 Ss 
28.63 10.4 D 


This is the fourth maxi- 


I can find no record of more than three in any previous 
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SS CYGNI. From the same two observer ‘ t ving estimates 


{ SS Cveni 


LICe 
I 
VW ¢ ‘ 3 ybser " S ‘ 
m 1 } ‘ Tis 1 
Note ) S 
notes ead ) , | 
( n di ) t \1 
COMET NOTI 
Rediscovery of Winnecke’s Comet ‘ R 
whose ret nwas 2g nm 1 >) ‘ ‘ 
sG-inch telesec yi 1 I kK ( SET / | 
served position was Ja OS73 |} | 4 
lhe cot ctions to ne @] ¢ < y 
1™ 58* and ) 8’ 6 The n 
Later observations by Mr. I ‘ | P mica 
Journal. Dr. Chandler, correcting V« i of Perrine’s 


observations obtains the following 


ELEMI S 
1 SoS Mar G1 1. 1 
G 172 21 1 ) 
, 100 51 15 a 
1 16 59 1 | 
log ¢ 9.554161 
log a 0.510521 


A portion of bis ephemeris based upon these elements is as follows 








App m. A. AD] Decl log 4 
Jan. 30.5 17 I5™ 38%.03 1 2 T ee; 0.1608 
Feb. 1. 25 1.63 I 2 5 1 
3-5 34 23 .O5 11 17 2) 1527 
5°5 44 14 .660 I! 3 5 2 
7-5 17 54 3-34 12 f 18 .5 1457 
9-5 15 { 0 .23 [ 40.1 
11.5 14 2.55 } ay 1400 
13-5 2 2.71 12 58 1 
5 34 25 .30 12 5 I 5 1356 
5 14 49.15 15 .4 
19.5 Id 55 14 35 13 17 «I! ». 1326 
21.5 19 5 43 «1 I 5 13. 
23-5 16 14.70 14 5 131 
25°5 26 45.40 I | 
27-5 7 32.82 >] ae 1307 


GENERAL NOTES. 


Volume V of this publication closes with this number. Subscriptions ending 
with the volume should be renewed promptly in order to insure continuance. An 
unusually large number of renewals tor volume VI have already been received. 


The outlook for 1898 is encouraging 
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Subscribers are reminded that volume VI begins with March number and 
ends with December 1898, and contains 10 numbers as usual. This publication 
will be issued every month during this calendar year. Subscriptions for the year 
can be secured if desired at a cost of $3 00 for the 12 numbers. 


Mathematical Articles.——Because of the importance of the matter 
treated, we have admitted into this issue several articles using the mathematics 
freely. Itis to be hoped that this feature will not discourage popular readers. 
It ought not to do so. Inconnection with most of the equations there will be 
found popular statements of the results reached by the mathematics used. The 
popular reader needs to know these results. Now if such readers will go through 
the matter neglecting the mathematical formula which they do not understand, 
they will certainly get the points aimed at by the writers, which are the most im- 
portant things to be learned. If methods by which results are obtained are long 
or difficult, most people must trust the scholars to do that part ot the work. 
For all who_have interest in useful results have neither time nor ability to prove 
everything in the range of needed knowledge. 


Measures of Sirius, Procyon and £ 395.—In Astronomical Journal 
Mr. R. G. Aitken gives measures of these stars with the 36-inch telescope of Lick 
Observatory. The results of 4 nights’ measures of Sirius and 3 of each of the 
other stars are as follows: 


Date, Position Angle. Distance. 
Sirius 1897.81 174-7 4.03 4n 
Procyon 1897.55 323.5 4-70 gn 
B 395 1897.92 273-7 0.27 3n 


New Asteroids.—Three new asteroids were discovered on Dec. 18 by Char- 


lois at Nice, France. They were all within an area of less than three degrees di- 
ameter. 

Mag. Nice M. T R.A. Decl. Daily Motion. 

h m h m s “4 ’ . 

DM 12 1897 Dec. 15 9 29.0 4 42 4 ad. 13 oO 18 — 10 

DN 12.8 18 Q 29.0 4 47 #O +20 44 48 — I 

DO 12 18 g 29.0 4 53 28 + 19 21 — 56 oO 


J. M. Hadley, of Flower Observatory, University of Pennsylvania, Phila- 
delphia, requests that any unpublished observations of Comet g 1896 (VII) dis- 
covered by Mr. C. D. Perrine be made public or sent to him at an early date. 


Brilliant Meteor. Monday, November twenty-ninth, at ten minutes past 
eight in the evening, three people saw a large meteor. It was circular, fully one- 
fourth the apparent size of the full moon, at first white, changing to a flaming 
red as it vanished, leaving a bright red, green and blue train. 

The path of the meteor seemed to be from the zenith, about the positionofthe 
§ (theta) nebula in Andromeda, down toward the western horizon. The obsery- 
ers were going west and one said the meteor went northwest, one west, and the 
other southwest. 

It passed south of Delphinus or ‘‘Job’s Coffin,’ and vanished at about the 
upper northern edge of Aquarius. Total time to the disappearance of the train 
was about ten seconds. Total length of path, zenith to Aquarius, 60° to 70°. It 
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appeared to be three-fourths of the distance from the nith to the horizon. The 
night was clear, with no perceptible haze. Latitude, 40° 6’ longitude, 89 
Urbana, IIl., Dec. 23, 1897. MARION E. SPARKS 


Largest Telescope Reflector.—The December Popular Science News 


reports that another great telescope is already approaching completion: 
In 1895, the Rev. D. John Peate commenced, at Greenville, Pa., the construc- 
tion of a mammoth speculum for a refleting telescope designed for the American 
University at Washington. After two vears of arduous toil, Dr. Peate has given 
the great mirror its last touches—i. e., in grinding and polishing, and it is ready 
for silvering, and for the futher and very important stage of mounting. The huge 


disc of glass is more than 61 inches in diameter. 


Variables of the Algol Type. Dr. T. J. J. See has arrived at the result 
that the orbits of binary stars exhibit a tendency towards an eccentricity of 
about 0.5 consequently instead of assuming a circular orbit in the case of eclipse- 
variables we should, I apprehend, assume one with about this eccentricity. 
Without a third body in the system there might be no reason for a change in the 
position of the periastron similar to our “precession of the equinoxes.”” Your 
mathematical readers may perhaps take up the question, but it strikes me that 
such a precessional change might account for the small differences observed in the 
period. 

I may however notice two other possible explanations. 1. Gravity is propo- 
gated in time and the effect of the time-propagation is greatest when the angular 
movement of the satellite is most rapid. 2. The orbit of the satellite, which 
eclipses the bright star periodically, is altering rapidly under the influence of tidal 
evolution—the pair of stars being comparatively close and both being in a liquid 


or gaseous condition. Careful observations ought to show in a comparatively 


short time whether either or both of these causes are at work. How far these 
two causes might produce identical results I am not competent to say, but I hope 
some of your able contributors will analyze the problem. How would a time pro 
pagation of gravity affect an eclipse-star of short period W. H. S. MONCK 


Dublin, Ireland. 


New Paraboloid Speculum.—I observe the interesting nocite of the 
new diagonal paraboloid speculum devised by Dr. Lane Poor of Johns Hopkins 
University in last number of Popular ASTRONOMY upon which I would like to 


offer a few remarks. 


At Dr. Poor's request I visited Johns Hopkins Universit n the early part of 
this year, among other things, for the purpose of assisting him in vetting out a 
mirror of the description named in vour paragraph on page 502, that is to say 
one that should be capable of depicting a regular opti image of ai t situ 
ated at an angle of YO° to the line of vision, altho’ nearly 25 vears n the 
“Eng i-h Mechanic,’ and more recently in * Design and Wo I had sugeested 
some such a mirror I never knew until my attention was called t n article in 
an English periodical 10 or 12 years ago, that any sucl heen at 
tempted—anid I must say too, that the good Dr. was very reticent i gard to 
the purpose for which he intended to use the proposed mirror, leading me rather 
to believe that it was for something connected with photography; nor was it un 
til some progress had been made in working the speculum that I w fully ir 


formed of the use to which it was to be put. 
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I found him working upona circular disk of glass about 4 inches diameter 
with a small home-made apparatus constructed upon the model of the late Dr. 
Draper’s well-known speculum grinding machine. 

After fully understanding the purpose for which he proposed to use the mirror 


I suggested that it would be advisable to d 


evise a more adequate and substantial 
machine, better calculated to assist us in working the required curve or curves. 


While the new machine was being built, I proceeded to work the original glass 





entirely by hand, to as near the proper curves as possible, using the guages al 
ready prepared by Dr. Poor, but found it to be an extremely tedious and unsatis 
factory job, the curves in some places coming Out more than an inch from the in- 
tended radii. 

When the machine designed by Dr. Poor had been placed in situ, a number of 
very perfectly turned and ground guages were prepared; for the proposed grind 
ing tool and polisher being in shape, an oblong of about Ginches by 4, the ma- 
chine was intended to be used principal is a puicde nd labor saver, all the 
curves having to be very carelully guages short intervals 

The result of a few days’ very hard work was a mirror with curves along the 
major axis of aradius of about S41 to 84.5 inches while those across the minor 
axis varied from about 42 to 44 inches . 

The polishing, as 1 anticipated, was a long and tedious process, and the ulti- 
mate result not wholly satisfactory from an astronomical point of view. Upon 
testing it at the various radial centers it was shown to deviate in some places 


several tenths of an inch trom the calculated radii, yet upon placing it in position 


upon a temporary stand and applying an eyepiece giving a power of about 30 di- 
ameters or more, I believe it was a one-inch eyepiece we used, it afforded us a 
very plain and pleasing view of people walking on the top of the Washington 
monument some half mile distant from the Observatory, indeed their features, 
with the above named power, were shown quite distinctly enough to have ensured 
the recognition of any familiar face. 

The result of this experiment led me to somewhat modify my preconceived 
opinion of the possible usefulness of such a mirror when properly made and 
mounted-—for | had at first uncompromisingly condemned and ridiculed the idea— 
at this juncture heing compelled by the exigencies of business to return home, I 
sarried the experiment no farther, but subsequently. wrote Dr. Poor,enclosing him 
a diagram of a machine that was certainly simpler than the one we had been 
using, and by means of which I believe the curves of such a mirror might be 
worked out almost automatically with tolerable correctness, the finishing touches 
being readilv given by hand. 

Although I have only heard indirectly, | understand that the result has been 
encouraging, and that Dr. Poor is satistied with the progress he has made, but 
whether by the use of my machine or no, | have not learned, probably Dr. Poor 
will enlighten us in this regard. 

After all, the difficulties to be surmounted in making a mirror of this descrip- 
tion of large aperture would, in my estimation, be,immense, and probably alto- 
gether incommensurate with the advantages to be derived from it. 

Not only is the labor of working such a surface, with precision enough to en- 
able it to stand a high power, very great, arising partly from the fact of the much 
larger area required than that of a circular mirror of equal aperture, in the pro- 


portion of about 3 to 2; but the trouble of testing it, and more particularly of 


placing it in position for testing, the least tilting or twisting, which would be of 
no consequence whatever in testing a direct vision mirror, being of vast conse- 
quence in a mirror of this kind. 
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The tediousness of the work is also greatly increased by the necessity for fre- 
quent testings at short intervals, and the difficulty of precisely locating the parts 
that need rubbing down by local touches, difficulties only to be appreciated by 
those who who are familiar with the work of grinding ard polishing large opti- 
cal surfaces. 

But I believe that with carefully calculated curves and a well-made machine 
on the lines of the accompanying diagram, which is a copy of the one I sent Dr. 
Poor, a practically pertect mirror of 10 or 12 inches aperture might be con 
structed, which would be quite large enough to test its practicability and useful 

f \c ness. 

p\ The diagram hardly needs explanation. The 
/IK\ curves along the major axis of the mirror M are 
| derived from the center C from which .depends the 


trussed arm CD carrying at its lower extremity 


7 {/ . 7 . 

INK AV the zrinding tool or polisher D. This arm is to be 
ro made double, passing on each side and closely em 
lL > bracing the planed part JH of the inclined axis 


Ko] NQsa. AB. 


W\ 
| A> The centers of the transverse curves of the 














\4 mirror lie along the axis AB, and the radii of 
I these curves consequet tly vary as the trame CD 
Ee ue —l swings from side to sice 
y| me ! The grinding tools and polishers D must be 
are necessarily of small are which makes the grind 
‘eS ing and polishing ot t , rror a ery tedious 
if ‘% process, Cto M about 7 feet, O to M about 3 tt 
Le NGL 6 in 
In the application of such a mirror to teles the ief difficulty would seen 
to be like that of the dvalitic »chromatic, with the I ‘ s.in other w le 
the available field of view must be very contracted E. M. TYDEMAN 
Camden, N. J., Dec. 24, 1897. 
Eclipse of the Sun Jan. 22 —bBy t! pers Jan. 23 it is reported thé 
the observations of the total eclips« of the Sun t | ! 2in I lia weresu esst 
It is said that the views of the corona wer f 
At Talni, India, the observations by E. W. Maundet CS St  Waetten wen 
most successful; the sky being perfectly ( 1 I t middle of tot 1 
about equalfto that of the full moon rl gen . pe of the outlines of the 
corona was like that of 1886 and 1896 tent di et {the Sur 
in the direction of the solar equator. tog a were secured 
The spectrumf{oft the chromosphere and the prominences wer so taken. The 
| flash spectrum{ot the reversing layer was likewise ] tographed by the aid of : 
prismatic camera attached to a six inch telescope 
The report from Professor Campbell's Lick Observatory party is essentially 
the same as the above as far as it goes. So far as learned it appears that the tw 
minutes andia few seconds of totality of the eclipse in India, at least, gave an ex 
cellent opportunity to get needed observations of certain solar phenomena very 


much desired. Reports from the 1.umerous other observing parties have not vet 


reached us as we go to press for this month. 
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; s 
Errata.—No. +9, p. 601, line 37, for log sin 1” read log S sin 1” 


Page 369, fifth line from top for distances read distance; 23rd line from top, 
for Moon's read Moon. 





BOOK NOTICE. 


Higher Arithmetic, by W. W. Beeman, Professor of Mathematics in the University 
of Michigan, and D. E. Smith, Professor of Mathematics in the Michigan 
State Normal College. Published by Messrs. Ginn & Co., 1897, pp. 193. 
This new higher arithmetic is intended for high schools, academies and nor- 

mal schools. in which the subject is supposed to be taken up for a second time 

with a desire to review and extend the knowledge of this branch previously ac- 
quired. 
The aim manifestly is to make a modern arithmetic; in other words, to plan 

a course that should have distinct reference to the wants of ordinary commercial 

life at the present time; an arithmetical training that will prepare students for 

the ready answer of questions and the solution of problems arising in the physi- 
cal laboratory. In this particular the book is better planned than ordinary ones 
now in general use, aiming to cover the same ground. 

The subjects covered embrace a range sufficiently broad for the purpose of a 
business education as well as some training in pure arithmetic suited to high 
school courses adapted to modern needs. 


BOOKS RECEIVED. 


New Astronomy for Beginners by Professor D. P. Todd, of Amherst 
College. Publishers, The American Book Company, Chicago, Cincinnati and 
New York. 


Observational Astronomy, revised and enlarged, by Arthur Mee, F. R 
A.S. Price 60 cents. 


Second Hand Telescopes.—Inquiry has been made for a good second 
hand telescope. Objective of either 4, 5 or 6 inches aperture. 


PUBLISHER’S NOTICES. 
Subscription Price to Popular Astronomy in the Uuited States, Can- 
ada and Mexico is $2.50 per volume of 10 consecutive numbers. For 12 num- 
bers, or monthly during the calendar year $3.00. Price per volume of 10 numbers 
to foreign subscribers $3.00; annual subscription for 12 numbers $3.60. 
All correspondence and all remittances should be sent to 
Wa. W. Payne, 
Northfield, Minn., U.S. A. 


For Sale.—Astronomical Telescope Equatorial Movement, Tripod Stand 
Achromatic Object Glass 712 inches clear diameter, 9 feet focus, rack and pinion 
adjustment, 8 eye pieces and prism. Celebrated maker 

K. H. PURDY, Farrington, N. Y. 
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